NASA Technical Memorandum ggu0

STEP AND STEPSPL - COMPUTER PROGRAMS FOR
AERODYNAMIC MODEL STRUCTURE DETERMINATION
AND PARAMETER ESTIMATION

{NASA-TM-86410) STEP AND STEPSPL: COMPUTER N86-21549
PROGRAMS FOR AERCDYNAMIC MODEL STRUCTURE

DETERMINATION AND PARAMETER ESTIMATION

(NASR) 142 p HC ACT/HMF 201 CSCL 01cC Unclas
63/08 05776

/

JAMES G. BATTERSON

JANUARY 1986

NASA

National Aeronautics and
Space Administration

Langley Research Center
Hampton, Virginia 23665






INTRODUCTION

The successful parametric modeling of the aerodynamics for an airplane operating
at high angles of attack or sideslip is performed in two phases. First, the aerody-
namic model structure must be determined and second the associated aerodynamic param-
eters (stability and control derivatives) must be estimated for that model. Though
the aerodynamic model structure is known to be linear at low angles of attack, the
appearance of nonlinearities at higher angles of attack has been a prominent feature
in several recent reports of flight test results (refs. 1, 2, 3). Since a large
number of possible nonlinear terms could contribute to the aerodynamic function, some
method must be developed that examines only the influential terms while ignoring
those that are superfluous. One possibility is to look at all combinations of linear
and nonlinear terms. However, as pointed out in reference 4, the number of models to
be considered grows too fast with the number of possible terms for such a technique
to be practical. The use of stepwise regression was suggested in reference 5.
Stepwise regression examines each term as to its usefulness in improving the model
{by reducing residual variance). Candidate model terms are added one at a time
and/or deleted one or more at a time until no more candidate terms can pass a given
test of statistical significance. This provides a least squares equation error
estimate of the model structure and associated parameters at each step of the model
building.

The stepwise regression technique has been used (refs. 1, 2, 3) for analyzing
flight data from high angle-of-attack and large amplitude maneuvers. The purpose of
this paper is to document two versions of a stepwise regression computer program
which were developed for the determination of airplane aerodynamic model structure
and to provide two examples of their use. It is assumed that the reader is familiar
with the airplane equations of motion. One should read references 1 and 2 for appli-
cations of the technique to actual flight data.

The two computer programs that are the subject of this report, STEP and STEPSPL,
are written in PORTRAN IV (ANSI 1966) compatible with a CDC FTN4 compiler. Both
programs are adaptations of a standard forward stepwise regression algorithm (ref. 6).
The purpose of the adaptation is to facilitate the selection of an adequate mathe-
matical model of the aerodynamic force and moment coefficients of an airplane from
flight test data. The major difference between STEP and STEPSPL is in the basis for
the model (found in SUBROUTINE DATASET). The basis for models in STEP is the
standard polynomial Taylor's series expansion of the aerodynamic function about some
steady-state trim condition (see refs. 1 and 3). Program STEPSPL utilizes a set of
spline basis functions (refs. 3 and 7).

The paper is organized as follows. After this introduction is a section
describing the approach and rationale of the program. The main program and sub-
routines are each described as to their respective purposes and dimensioning informa-
tion. Next, a section addresses the interpretation of output based on two examples.
There are seven appendices., Appendix A is the listing for STEP. Appendix B is a
listing of the NAMELIST/INPUT/for the first example. Appendix C consists of the
output for the first example (which demonstrates STEP). Appendix D is a sample job
control deck for running the example in a batch mode at the Langley Research Center
computer center. Appendix E is the STEPSPL listing. Appendix F contains the output
of example 2, (which demonstrates STEPSPL). Finally, appendix G contains a sampling



of options for the spline model basis used in conjunction with STEPSPL. The
interested reader can start by running the given test case and then modifying the
program to fit his specific use.

STEPWISE REGRESSION

This section describes the basic principles and features of the stepwise regres-
sion which is used to determine aerodynamic model structure from flight data. It is
assumed that the general structural form of the mathematical model for the aero-
dynamic force and moment coefficients can be written as

y(t) = 85 + 8,x,(8) + 8,x,(t) + ... 6,x,(t) (1)
where
y(t) aerodynamic force or moment coefficient (CX'CY’CZ’Cm'Cz'Cn) at time t
xj(t) airplane state plus control variables (a,q,B,p,r,Ge,Sa,Sr) and their com-
binations at time t (j =1, 2, ..., N) '
Bj airplane stability and control coefficients (j.= 1, 2, eee, N)
60 constant reflecting and initial steady-state condition.

The forward stepwise regression described in this paper begins with the assump-
tion that there are no variables in the postulated regression equation other than the
bias term 60. An effort is then made to find an optimal subset of variables by
inserting independent variables into the model one at a time. The first independent
variable selected for entry into the equation is the one that has the largest cor-
relation with the dependent variable y. Suppose that this variable is x,. This is
also the variable that produces the largest value of the F-statistic for testing the
significance of regression. The variable is then entered if the partial F-statistic
of its associated parameter, 61, exceeds a preselected critical F-value.
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where 0 is the estimated parameter associated with X, and 52(61) is the

variance estimate of 91.

The second variable chosen for entry is the one that now has the largest
correlation with vy after adjusting for the effect on y of Xqe These correla-
tions are referred to as partial correlations. 1In general, at each step, the in-
dependent variable having the highest partial correlation with y is added to the
model if the partial F-statistic of its associated parameter exceeds the preselected
Forit® At each step of the procedure, all variables entered into the model pre-
viously are reassessed by examining their corresponding partial F-statistics. A
variable added at an earlier step may be redundant because the relationship between
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it and the remaining variables now in the equation has reduced its value of F to
less than Fopit® If this happens, the insignificant variable is deleted from the
regression model. The procedure terminates when all significant terms have been
included in the model,

Five Associated Information Criteria

At each stage of the stepwise reqression, as a new variable enters the model,
five useful quantities are calculated. All these quantities should be examined for
the final model selection. First, the user can consider the total F-value for a
given model of Q variables calculated as the ratio of the mean square due to the
regression to the mean square of the residual. This ratio is given as

1 .
ﬁ Y(l)

I~ 2

y =

i=1

This number usually increases to some maximum value as new variables enter the
regression, but then decreases slightly as the new terms are less effective in reduc-
ing the residuals. Heuristically, the maximom F-value represents a model which best
fits the data with a minimum number of parameters, Second, the squared multiple
correlation coefficient R2 is calculated. This number, expressed as a percentage,
is a measure of the usefulness of the terms, other than 8,, in the model. The value
of RZ would be 100 percent for a model that perfectly fit the data. Third, at each
stage, the partial F-values F for each parameter are printed. The user should
look for consistency in the va?ue of P _. For example, if one value of F is only
slightly greater than P®_,;y and all other values of F  Aare much greater, the user
may not want to include the variable with the small value of F in the model., The
fourth aid in model selection is the estimated normalized autocorrelation function
for the residuals. The estimate of the autocorrelation function at lag h 1is

given by

~ 1 N~h
W(h) = =—-=- } u(i) v(i + h) (h 0, 1, «oc, ™M)
j_:

where h is the lag number and M 1is the maximum lag number, which is usually
10 percent of N. For data sampled each At second, the time separation associated
with lag h 1is heAt. The normalized autocorrelation function is calculated as



W(h)/w(0). This function should approach that for white noise with a value of 1 at
zero lag and values of 0 at lags of 1 to M. In applications, when the value of F
for a parameter makes the utility of an independent variable questionable, the con-"
tribution of that variable to the actual model structure can bhe assessed by observing
the effect of the variable on the autocorrelation function of residuals. The fifth
number that is useful is the standard error in the residuals, ¢, which is printed at
each stage of the regression.

One learns from experience that not all of the five criteria listed above are
"optimally" satisfied for any single model. However, the stepwise regression and its
associated information criteria do significantly reduce the number of possible models
from which the user must choose. Moreover, as the model structure is determined, so
are the parameter estimates. Finally, ambiquity in the model selection can also bhe
resolved by requiring that the estimated parameters make sense physically and that
the selected model have good prediction capability.

Selection of Candidate Model Variables

The selection of a set of candidate model variables from which the stepwise
regression can build a model should rely on the user's a priori knowledge of the
physical system that is to be modeled. For the airplane, assumptions as to the most
influential variables and symmetry considerations have led to the following logic for
selection of candidate model variables for a spline analysis of the longitudinal
maneuver, The range of the independent variable which is most important in the
determination of the dependent variable is partitioned into several subsets, each
having support on less of the range than the previous subset. For example, the force
coefficient C, 1is mainly dependent on «. Hence if o = {zla < z < b}, then the a

range, [a,b],Jis divided according to the spline basis functions as follows:
(a - a )" (a > a,)
m _ i i
(Ot - ai)+ =
| 0 (o < ai)

The values of a; are called knots. An example of the "+" function is given in
figure 1. The four knots in this figure are at a = 2°, 4°, 6°, and 8°. Hence,

(o - a1)2 =1 for o 2 ay = 2°, and (o - a1)2 =0

for a < o4. Similarly,
(a0 - o )O =1 for o > 4°, and (o - o )O = 0 for o < 4°
274 ' 274 ' ’

and so forth, for the rest of the "+" functions. If the order of the "+" function,
denoted by the superscript m 1is other than zero, say 2, then

2 2
(o - a1)+ = (a - a1)+ for o > a, and
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Hence, the vertical force coefficient C
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Though it appears lengthy and awkward,
code allows for simple deletion, addition, and/or change in candidate model vari-

ables.
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910 I=1,NPTS
1,1I)=ALPH(I)
2,1)=C/(2*VEL(1))*Q{(I)
3,I)=DELE(I)

911 III=4,39
II1,1)=0.

(ALPH(I) .GE.XKNOT(1))

(ALPH(I) .GE.XKNOT(1))

(ALPH(I).GE.XKNOT(2))

(ALPH(I).GE.XKNOT(2))

(ALPH(I).GE.XKNOT(3))

(ALPH(T) .GE.XKNOT(3))

(ALPH(TI) .GE.XKNOT(4))

(ALPH(I).GE.XKNOT(4))

(ALPH(I) .GE.XKNOT(5))

(ALPH(I).GE.XKNOT(5))

(ALPH(I) .GE.XKNOT(6))

(ALPH(I).GE.XKNOT(6))

(ALPH(I) .GE.XKNOT(7))

(ALPH(T) .GE.XKNOT(7))

(ALPH{I) .GE.XKNOT(8))

(ALPH(TI) .GE.XKNOT(8))

(ALPH(I).GE.XKNOT(9))

(ALPH(I) .GE.XKNOT(9))

(ALPH(I) .GE.XKNOT(10))

(ALPH(I) .GE.XKNOT(10))

(ALPH(I).GE.XKNOT(11))

(ALPH(I) .GE.XKNOT(11))

(ALPH(I).GE.XKNOT(12))

(ALPH(I).GE.XKNOT(12))

(ALPH(I) .GE.XKNOT(13))

(ALPH(TI) .GE.XKNOT(13))

(ALPH(I).GE.XKNOT(14))

(ALPH(I) .GE.XKNOT(14))

(ALPH{I).GE.XKNOT(15))

K - -
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can be represented as:

Z 2V + 2V
q
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0

the following formulation of the FORTRAN

X(4,1)=ALPH(I)-XKNOT(1)
X(5,1)=X(2,1I)
X(6,I)=ALPH(TI)-XKNOT(2)
X(7,1)=X(2,1)
X(8,1)=ALPH(I)-XKNOT(3)
X(10,I)=ALPH(I)-XKNOT(4)
X(11,1)=X(2,1)
X(12,1)=ALPH(I)~-XKNOT(5)
X(13,1)=X(2,1)
X(14,1)=ALPH(TI)~XKNOT(5)
X(15,I)=X(2,1)
X(16,1)=ALPH({I1)-XKNOT(7)
X(17,1)=X(2,1)
X(18,I)=ALPH(I)-XKNOT(8)
X(19,1)=x(2,1)
X(20,I)=ALPH{I)~-XKNOT(9)
X(21,1)=X(2,1I)
X(22,I)=ALPH{I)~-XKNOT(10)
X{(23,1)=X(2,1)
X(24,T)=ALPH(I)-XKNOT(11)
X(25,1)=X(2,1)
X(26,1)=ALPH{I)-XKNOT(12)
X(27,1)=x(2,1)
X(28,I)=ALPH(I)-XKNOT(13)
X(29,I)=xX(2,1I)
X(30,I)=ALPH{I)-XKNOT(14)
X{31,1)=X(2,1)
X(32,I)=ALPH{I)~XKNOT(15)



IF (ALPH(I).GE.XKNOT(15)) X(33,1)=X(2,I)

IF (ALPH(I).GE.XKNOT(16)) X(34,T)=ALPH(I)-XKNOT(16)
IF (ALPH(I).GE.XKNOT(16)) X(35,I)=X(2,I)

IF (ALPH(I).GE.XKNOT(17)) X(36,I)=ALPH(I)-XKNOT(17)
IF (ALPH(I).GE.XKNOT(17)) X(37,I)=X(2,I)

IF (ALPH(I).GE.XKNOT(7)) X(38,I)=X(3,I)

IF (ALPH(I).GE.XKNOT(13)) X(39,1)=X(3,I)

910 CONTINUE

In the preceding printout, VEL(I) = airspeed V at ti’ QO = pitch rate q,
NPTS = number of data points N, C = wing mean aerodynamic chord ¢, and
X{(J,1I) = value of jth model variable at t;. The symbols XKNOT( ) indicate knots
for specific values of a. The code above actually gives the logic for creating the
(39 x N) matrix containing the time histories of each of the 39 candidate independent
variables. The 17 knots in angle of attack can be set at any value the user deems
adequate for the data by setting XKNOT(I) in the program with I = 1,17. Changing
the candidate model variables can easily be accomplished by substituting the new
variable for any of the 39 candidate variables listed. The number of candidate vari-
ables is limited only by the size of the computer memory.

DESCRIPTION OF PROGRAM STEP
Main Program

The main program for STEP is dimensioned to accept measurements of flight data
at 500 time points. For example, at a data rate of 20 points per second, this dimen-~
sioning allows 25.0 seconds of data to be used. The main program includes all logic
for the actual regression procedure as well as most of the printing logic. The name-
list INPUT is read in the main program. This namelist contains data for airplane
mass, geometry and inertia characteristics, initial conditions, option switches and
starting time. The namelist will be discussed in detail below. The main program
also does all calculations involving the correlation matrix and analysis of variance.
It provides for the printing of the partial F-values for variables in the regression,
the estimates of their coefficients and standard errors of those coefficients. The
total F-value for the model, the percent variation from the mean explained by the
regression model, and the variance of the residual sequence are also printed from the
main program,

maximum of 25 seconds of data at a rate of 20 points per second. However, this and
other dimensions may be adjusted by the user to conform to individual computer
capability. This section is written to aid the user in such changes. Let MAXNPTS be
the maximum number of data points to be analyzed and N-1 be the maximum number of
independent variables to be considered for the regression., For example N-1 is 24
in STEP since the lateral equations have 24 candidate model variables as seen from
the X array in lines 79 through 102 of subroutine DATASET (appendix A). The dimen-
sions for arrays in STEP are as follows: .

T, Y, YHAT, XNU, AX, AY, AZ, PDOT, ODOT, RDOT, VEL, P, Q, R, and
QQ are each dimensioned MAXNPTS

X is the two-dimensional data array and should be dimensioned N x MAXNPTS

S and XXSUM are two-dimensional work arrays and are dimensioned N x N



ICNT, IORD, B, v, STDER, FPART, TN, PPLT, FPLT, XSUM, XBAR, SIGMA,
PPRT are each dimensioned N

W and ZXLAG are arrays for the autocorrelation function and its lag number.
They should be dimensioned at least MAXNPTS/10.

APR is used in the calculation of the PRESS (Prediction Error Sum of Squares)
criterion. It is a two-dimensional array with dimensions N x (MAXNPTS + N).

RR, A, AP are two-dimensional arrays containing variance and covariance
information and are dimensioned (2N-1) x (2N-1).

Namelist Input - A namelist called INPUT communicates airplane geometry, mass

and inertia characteristics as well as initial conditions and logic switches for
kd . . . . . .

program options. The elements of INPUT and their definitions are listed alpha-
betically as follows:

with

ALPHT -~ angle of attack trim value (radians)
BETT - angle of sideslip trim value (radians)
BSPAN - wing span (meters)

CBAR - wing mean aerodynamic chord (meters)
DELAT - aileron displacement at trim (radians)
DELET - elevator deflection at trim {(radians)

DELRT - rudder displacement at trim (radians)

"FCRT - critical F-value for entry or elimination of a term in the model

A nominal value between 5 and 10 for FCRT has proven effective from experience
high angle-of-attack airplane data.

G - acceleration due to gravity (m/secz)

TACELOP - option switch to read angular accelerations from data

0 - read from data
1 ~ calculate by cubic spline subroutine

IEQON ~ indicates which equations are to be fit:
If LATOP = 0 then IEQN =1 for C

X

2 for CZ

3 for Cm

If LATOP = 1 then 1IEQN = 1 for Cy
2 for Cz

3 for Cn

IFILOP - option switch to incorporate low pass filter on lateral acceleration
measurements
IFILOP = 1 for filter active
IFILOP = 0 for filter inactive



IFLAG - option switch to have first LINMAX terms considered before any other
terms. LINMAX is set in the main program.
IFLAG 1 activates the option
IFLAG = 0 all terms are searched from the first pass on

il

LINMAX is set to 3 in line 38 of Program STEP (appendix A) for the longitudinal
option (LATOP = 0) and 5 in line 40 for the lateral option (LATOP = 1). These values
allow for consideration of the first three candidate model variables o, ¢, and de
for the longitudinal equations and the first five candidate model variables 8, p,
r, 6a, and §8r for the lateral equations. To consider any J terms first, in
general, Linmax should be set to J and those J terms should be the first J
terms entered into the two-dimensional X array in SUBROUTINE DATASET.

IPLOT - option to activate plotting
' IPLOT = 1 activates plotting
IPLOT = 0 for no plotting

IPRESOP - option to invoke PRESS calculation
IPRESOP = 1 activates option
IPRESOP = 0 for no PRESS calculation

IPSKP - For IPRESOP = 1, IPSKP selects every (IPSKP)-th point for calculation
of PRESS

ITRIMOP - option switch to read trim values from first data point to be
analyzed. If ITRIMOP = 1, the namelist supplied values (or default
values of 0) for ALPHT, BETT, DELAT, DELET, DELRT are used.

IF ITRIMOP = 0O, the values of angle of attack, angle of sideslip,
aileron deflection, elevator deflection and rudder deflection at time
Ts are used for ALPHT, BETT, DELAT, DELET, DELRT, respectively.

IX - moment of inertia about longitudinal body axis (kg mz)

IXZ - product of inertias (kg m2)

IY - moment of inertia about lateral body axis (kg m2)

IZ - moment of inertia about vertical body axis (kg m2)

LATOP - option switch for lateral equations

LATOP = 1 for fitting lateral equations
LATOP = 0 for fitting longitudinal equations

M - airplane mass (kg)

NEQ - the number of equations to be fit (as opposed to IEQN which indicates
which NEQ equations are to be fit). NEQ can be 1, 2, or 3.

NPTS - number of data points to be fit
PT - roll rate trim value (rad/sec)
OT - pitch rate trim value (rad/sec)

RHO - atmospheric density (kg/m3)



RT - yaw rate trim value (rad/sec) >

SAREA - wing area (mz)

TS ~ starting time for data to be fit

Subroutines

SUBROUTINE DATASET - The purpose of SUBROUTINE DATASET is to read flight data
from a file (TAPE 1) into the program and to set up the data array of time histories
of the candidate independent model variables. The candidate variables for both the
longitudinal and lateral options are given in Table 1. The user can easily change
any of the candidate model variables in the table to meet his own needs. The
candidate model variables presented here have proven to be useful in the work
reported in reference 1.

The number of candidate model variables is limited only by the size of computer
memory. Any changes in the number of candidate model variables in the X array of
SUBROUTINE DATASET should be reflected in the value of N in the main program and
possibly the dimensions which depend on N throughout the program.

SUBROUTINE DATASET also calls a cubic spline differentiation subroutine
(SUBROUTINE SECDER AND FUNCTION DERSP) for the calculation of angular accelerations
from the measured angular rates. These calls can be eliminated as can the SUBROUTINE
SECDER and FUNCTION DERSP if the user has measured angular accelerations available.

SUBROUTINE AUTO - The normalized autocorrelation function for the residual
sequence is calculated. XLAG and W must be dimensioned at least MAXNPTS/10.

SUBROUTINE FIL - This subroutine is a low pass filter for the smoothing of data
in the time domain. The algorithm is taken from reference 8. When this filter
routine is active (IFILOP = 1) the user must choose FC and FT (which define the
frequency range in Hz for band pass roll off) in this subroutine so that H(I),

I =1, NPTS/2 is always defined.

Subroutines for PRESS calculation -~ STEP and STEPSPL programs use six sub-
routines for PRESS calculations. The main program calls upon three primary routines:
PRESS, UPDATE, and PSET. These in turn call on three secondary routines: REDEF,
INTRCHG, and RANDOM. Subroutines PRESS and UPDATE are called during each pass as
model variables are added or deleted. The PRESS routine simply computes the value of
PRESS associated with each candidate variable. This is done without any effect on
the reqular stepwise regression calculations. Subroutine UPDATE is used to modify
the normal equations to reflect the change in model variables during each pass. A
separate set of normal equations is used by PRESS so that the stepwise regression and
PRESS calculations can proceed independently.

Subroutine PSET is called once at the start of a run to establish the dataset to
be used in the PRESS computations. As described in reference 1, for a large number
of data points PRESS approaches the residual sum of squares (RSS). Therefore it may
be necessary when handling large datasets (number of points greater than 100) to use
a reduced number of data points. The IPSKP variable controls the number of data
points to be used by PRESS. The selection of 30 to 40 points has proven to be best.
IRAN = 1 is the flag which indicates the reduced dataset is to be randomly selected.



The secondary routines RANDOM, REDEF, and INTRCHG provide a few simple opera-
tions. RANDOM returns a uniformly distributed random variable which is -used to
randomly select data when required by PSET. Subroutine INTRCHG is used by UPDATE to
interchange rows and columns in the normal equation matrices. Subroutine REDEF is an
initializing routine used to prepare the appropriate matrices for PRESS computations.

DESCRIPTION OF PROGRAM STEPSPL

STEPSPL differs from STEP mainly in the dimensions of arrays and in the
SUBROUTINE DATASET. Program STEPSPL is dimensioned to accept data lengths of 900
points (45 seconds of data at 20 points per second). There is provision for 39
independent variables which will be spline "+" functions and for 23 spline knots.

. . . m m A m m A
h Wy = - = - P =
The "+" function is defined as (Aa)+ (o ak)+ (a cxk)+ if a Oy v (Ao.)+ 0,
if o < Oy where Qg is the value of the kth knot in angle of attack in radians.

Example 2 demonstrates the use of STEPSPL. Appendix E contains the STEPSPL
listing.

Dimensions - Let MAXNPTS be the maximum number of points to be analyzed and
let N - 1 Dbe the maximum number of independent variables to be considered. The
dimensions of arrays are as follows: T, Y, YHAT, XNU, AX, AY, Az, PDOT,
QDOT, RDOT, VEL, P, ©, R are each dimensioned MAXNPTS.

X is the two-dimensional data array and is dimensioned N X MAXNPTS.

s and XXSUM are two-dimensional work arrays and are dimensioned N x N.

ICNT, B, V, STDER, FPART, XSUM, XBAR, and SIGMA are each dimensioned N.

W and XLAG are arrays for the autocorrelation function and its lag number.
They should each be dimensioned at least MAXNPTS/10.

RR, A, and AP are two-dimensional arrays containing variance and covariance
information and are dimensioned (2N - 1) x (2N - 1).

Namelist Input - The namelist for STEPSPL is the same as that for STEP with the
exception of the variables IPRESOP, and IPSKP which apply to PRESS subroutines not
found in STEPSPL.

USING STEP AND STEPSPL
Aids in the Selection of an Adequate Model

Since there is no cost function which ensures that the best model has been
found, STEP and STEPSPL provide a subset of all possible models. From this subset,
one must make the selection of an adequate model for the data at hand. To assist in
the selection of an adequate model, the programs provide several statistical and
informational parameters at each step of the fitting process. These parameters are
as follows:

1. The partial F-values for the coefficients of all variables that are
currently in the model.

10



2. The total FP-value associated with the current model.

3. The square of the correlation coefficient in percent corresponding to the
percent variation from the mean of the data that is explained by the current .
model.

4., The Prediction Sum of Squares (PRESS) criterion - The scalar PRESS,
corresponding to the 2th subset of model variables, is defined as

N N _

where y(i) 1is the ith response of the system and ;/(i/...)2 is the least
squares estimate of E{y(i)} for the Lth subset.  Note the ith observa-
tion, x(i), is not used in forming the estimate y(i/...)l. The model
corresponding to the smallest value of PRESS is the bhest predictor model.
It is also a parsimonious model since PRESS reflects the added cost of
redundant model variables,

5. The standard deviation of the residual. This should approach that
calibrated for the instrument used to measure the dependent variable.

Alsoc at each point in the selection process the user is provided with a synopsis
of variables currently in the model as well as the estimates of the coefficients of
those variables and the standard error of those estimates.

Example 1

In this example STEP is run on a simulated data set. The program listing is
found in appendix A. The simulated data set to which the program STEP is applied is
a subset of the time history for the mathematical model given in fiqure 2. The
subset consists of the 43 points corresponding to an angle of attack in the range
14° < o < 16°, The true values for the parameters in this range are

c = 0.700 c = -3.00 c = -1.00
Xa Za m,
C = 0.0 C = ~20.,0 c = +15.0 '
X 7 m
q q q
c, = 0.05 c, =-1.10 C = -1,00
Se Se m6e

11



The namelist/INPUT/for this example is found in appendix B and the output listing is
in appendix C., In examining the namelist/INPUT/it is seen that:

1.

10.

1.

12.

13.

14,

16.

17.

18.

19.

20,

21.

IPRESOP = O - No PRESS calculation will be made; with PRESS inactive,
processing time is cut by about a factor of 2.

TS = 0.0 - The first data point to be considered for fitting is that
corresponding to time 0.0 sec on the data tape.

NEQ = 3 - All 3 equations corresponding to the choice of LATOP will be fit.

TEQN 1, 2, 3 - The NEQ equations to be fit are 1, 2, and 3.

NPTS = 43 - 43 datapoints after TS are to be fit.

IPLOT = 1 - The program will plot the measured and computed time histories,
residual sequence, and autocorrelation sequence at each step of the
regression. If PRESS is active, IPLOT = 1 will also allow for the plotting
of a synopsis of F-values and PRESS values after the last significant variable
has been added to the model.

IFLAG = 1 - Selects the option whereby the first LINMAX terms are considered
before any others. These terms correspond to a linear model.

2

SAREA 13.74 - The wing area for the airplane is 13.74 m“,

BSPAN

it

9.98 - The airplane wingspan is 9.98 m.
CBAR = 1.40 - The airplane wing mean aerodynamic chord is 1.40 m.
M = 1055 - The airplane has a mass of 1055 kg.

RHO = 1.0272 - The mean atmogpheric density during the mansuver was
1.0272 kg/m>.

G = 9.81 m/sec2 - is the gravitational acceleration constant.

IX = 2357 - The moment of inertia about the longitudinal body axis is

2357 kg m2.

1Y = 3051 - The moment of inertia about the lateral body axis is 3051 kg m2.
I7 = 4833 - The moment of inertia about the vertical body axis is 4833 kg m2.

1XZ = 177. - The product of inertia is 177 kg m2.

DELET = -0.08318 - The elevator displacement at trim initial conditions is
~0.08318 rad.

ALPHT = 0.2095 -~ The trim angle of attack is 0.2095 rad.
BETT = 0 - The trim angle of sideslip is 0. rad.

DELAT = 0 - The aileron displacement to trim is O. rad.

12



22. DELRT = 0 -~ The rudder displacement to trim is 0. rad. *

[}
(=}
{

23. QT

Trim pitch rate is 0. rad/sec.

24, PT = 0 - Trim roll rate is 0., rad/sec.

25. RT = O Trim yaw rate is 0, rad/sec.

26. FCRT

it
(S}

- The critical partial F-value for entry into the regression is 5.

27. ITRIMOP = 1 - The trim values provided in this namelist will be used as
opposed to the values of the associated variables at time TS.

28. IPSKP = 10, - Indicates the the PRESS option, if activated by IPRESOP = 1,
should select every 10th point for the evaluation of the PRESS.

29. LATOP = 0 -~ Indicates that the longitudinal equations are to be considered
for the fitting.

30. IACELOP = 0 ~ Indicates that angular accelerations will be read directly from
the data string.

31. IFILOP = O - Indicates that the low pass filter will be inactive.

After the namelist, the trim values for angle of attack, angle of sideslip,
aileron, elevator, and rudder are printed. The output is continued in appendix C
with a line of header information and a run identifier from the data tape, the value
of IEQN and the number of points to be fit printed., It is seen that for RUN 1, equa-
tion (1) (Cx since the longitudinal option is active), is to be fit for 43 data
points (NPTS = 43), If an even number of points is specified for NPTS in the name-
list, that number will be decreased by 1 by the program so that NPTS is always odd.

Next is a listing of the relevant data for the points being fit. Here, for the
longitudinal option, time, velocity, angle of attack, pitch rate, and elevator
deflection are listed. If the lateral option had been chosen (LATOP = 1), then time,
velocity, angle of sideslip, roll rate, yaw rate, aileron deflection, and rudder
deflection would have been printed.

The next line indicates that the highest correlation between the measured depen-
dent- variable (ay here since LATOP = 0 and IEQN = 1) and an independent variable
is for the first model variable, which is angle of attack. The partial F-value for
this variable is 878, and its entry accounts for 95 percent of the variation. The
standard deviation of the residual sequence (a - a ) is

measured xcomputed from model
0.00139, The total F-value for this model is 857,

The next line gives the least squares estimates for parameters currently in the
model. The order of the estimates is the same as the entry of data into the X
array in SUBROUTINE DATASET. Below the parameter estimates is found the estimated
standard error for that estimate. Here, CX = 0.651 with 90 = 0,022 and the

' o X
model for C; is at this stage: o
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+ Cy (o - o)

0.000229 + 0.651 (o - ao)

An optional visual aid is provided in the form of a plot. An example of the plot and
its interpretation is given for the STEPSPL program in example 2.

The next variable chosen for the regression is variable 3, Se, with a partial
FP-value of 5,59 X 108, Since the entry of this term explains essentially 100 percent
of the variation, it enhances the partial F-value of variable 1 also., The standard
deviation of the residual sequence is now 0.38 X 10_6 and the F-value for the model
is 5.98 x 107,

The new parameter estimates are Cy = 0.700 and CX6 = 0.050. The respective
o e
standard errors are GC = 0,61 % 10_5 and GC = 0.20 x 10_5 and the model is
X X
a de

+ C, (0 - a.) +C (§e -~ 8e,0)
Xo Xy © Xse

= 0.000063 + 0.700 (o - ao) + 0.05 (8e - Se,0)

This completes the fitting of the C equation.

X

Next, RUN 1, equation (2) is to be fit. Equation (2) (for LATOP = 0)
corresponds to the C, force coefficient. Again 43 points are to be fit. The most
significant of the first three variables {(since IFLAG = 1, the first LINMAX = 3
are considered) is variable 2, . With 58.76 percent of the variation explained,
the model at this point is

qc
C.=¢C, +C, ==
Z ZO Zq 2V
= -1.31 - 15.0 X
2V

Next variable 3, S8e, is added as being most highly correlated to the residual
sequence of the previous model. With entry of the d8e term, 72.64 percent of the
variation is explained and the model is now

qc
C, = C + C == + C (Se - §e,0)
V4 ZO Zq 2V Zae r

-1.34 - 17.8-%% - 0.705 (8e - 8e,0)

]
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With the entry of the variable 1, o, 100 percent of the variation is explained and
the final model is simply the complete linear model.

qc
C, = C + C (a - a.) +C == 4+ C (8e ~ §e,o0)
Z ZO Za (o) Zq 2V ZGe '
= =1.21 - 3.00 (a - a_) - 20.0 © _ 40 (6e - 8e,o0)
. . o . 2V . ’

The third and final equation to be fit in example 1 is the pitching moment equation.
The process goes as in the equations (1) and (2) with the first three terms incorpo-
rated into the model., With the linear model completed, the model equation is

c
Cu = =0.731 = 1.05a + 15.3 3= - 0.99% (8e - Se,0)

and explains 99.9 percent of the variation. However, the program adds, in the next
step, variable 7. Note that the partial F-value of 29 for this variable is much less
than and totally out of line with the first three terms (with partial F-values of
2960., 5530., and 20,300.). Hence, the user might consider this last term to be
superfluous and retain the linear model from the previous step. The unexplained
0.06 percent has been contributed by the spline differentiation of g to obtain q.
When data for accelerations were read directly from the simulation program, 100 per-
cent of the variation was accounted for.

Example 2

This example demonstrates the use of STEPSPL. STEPSPL is the basic STEP program
with some dimension changes to allow for longer data lengths and the spline basis
functions incorporated into SUBROUTINE DATASET. The simulated data for this example
was generated by numerically integrating a model given by:

i}

Cy -0.180 + 0.7000 + 0.050 (8e - Ge,0)

='0.112 - 5.000 + 2.00 (a - 0.2269), + 1.50 (a - 0.3142),

N
i

. ac _ ) °ogc ) o gc
10.0 5V 10.0 (a 0.2269)+ >V 10.0 (a 0.3142)+ 5V

- 0.800 (Se - §e,o0)
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Cu = 0.105 - 0.400a ~ 0.600 (o - 0.2269)+ - 1,00 (a - 0.3142)+

ac _ o gc i, o g
15.0 X + 10.0 (a 0.1745)+ oV + 10.0 (a 0.2269)+ >V

o gc

- 10.0 {a - 0.3142)+ >V

- 2.00 (8e -~ 6e,0)

This longitudinal model is integrated using an elevator doublet input string. Random
noise (with Gaussian distribution, zero mean, and o = 0.003) was added to pitch
rate q. This ¢ corresponds to ground calibration measurement error for the p%tch
rate gyro in previous flight testing. This ¢ should yield a ¢ of 0.08 for g
and 0.023 for Cm'

Appendix E gives the results of applying STEPSPL to the noisy data sequence.
The first information written is the namelist so that the user may quickly confirm
that all elements on the list are correct. 1In this example, it is seen that only one
equation (NEQ = 1) is to be fit, That is the third equation (IEQN = 3) which is the
pitching moment equation since LATOP = 0. With IACELOP = 1, the spline subroutines
are called to numerically differentiate the angular rate in order to derive angular
accelerations. Since there is no PRESS option with STEPSPL, the PRESS associated
options of example 1 are absent. Otherwise all INPUT options are the same as in
‘example 1.

After the namelist, there is a listing of the angles of attack corresponding to
cardinal knot positions. Following the knot values is a listing of trim conditions
that the program will be using. Next is a line of header information giving a run
identification number, the equation to be fit and the number of points to be fit.
Here, it is seen that RUN 1, Equation 3 (Cm) is to be fit and 239 points will be
used. Next the relevant data is printed. Since the longitudinal option has been
selected, these data are time, airspeed, angle of attack, pitch rate and elevator
deflection.

Following the data listing is the actual fitting information. The overall list-
ing of information is the same as described in example 1 for STEP. The major differ-
ence is in the number of candidate model variables (which is now 39 plus a bias
term). The maximum partial F-value (349.) is associated with the variable number 3,
elevator deflection. The percent variation explained by the addition of this vari-
able is 59.49 percent leaving a standard deviation of the residual sequence of 0.07.

The parameter Cm is estimated as -2.31 with a standard error of 0.12. The bias

term, Cm , 1is esgfmated to be -0,000723, The next term selected by STEPSPL is vari-

able 1, aggle of attack. The listing now shows that variables in positions 1 and 3
are in the regression (by the "1's" in those positions). The percent variation
explained by this model is 89.65 percent leaving a standard deviation of the residual
sequence of 0.036. The total F-value for this model is 1022. The parameter
estimates are:
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C = 0,246
Mo
C = -1,05 (+£0.040)
m

o
C = -2,09 (40.063)
Mse

The process continues until the entry of variable 13 corresponding to q

- {a = 0.1571)O the knot at a = 9° (9° = 0.1571 rad). The final estimated model is

given in Tabie 2 and in figure 3, where it is compared with the true model used to
generate the data. Though some of the values given in table 2 appear to be bad, it
is seen from figure 3 that the overall model is very good. The program has approxi-

mated the one knot in Cn at 10° by two knots: one is at 9° and the other is at
q

11°, Thus, the table of values does not offer as good a feeling for the model as

does the figure.

In addition to the printout that has been discussed for this example and
example 1, a plotting option is available. The subroutines used in the listings
provided for STEP and STEPSPL are local to the LaRC computer center, but the user may
combine whatever software is at his disposal to plot the same information. Figure 4
contains the plot output for example 2. At each variable entry, three plots are
generated., For example, figure 4(b) represents the entry of variable 3, §e. The
bottom plot in figure 4(b) displays the measured Ca (+'s) and the C computed by
the model (solid line) at this stage of the regression. Above that, is a plot of the
residual time history and the top plot is the autocorrelation function of the
residual sequence., It is seen in figure 4(b), that the one variable model leaves
guite a bit of structure in the residual sequence. 1In figure 4(c), the model,
residuals, and autocorrelation sequence for the model containing &8e and o are
plotted. The autocorrelation sequence and the residual sequence are improved
dramatically over figure 4(b). By figure 4(f), the visual aid displays a good fit,
" and good autocorrelation for the residual sequence. Figure 4(f) corresponds to the
model containing 5 variables plus a bias term. The remaining parts of figure 4 all
indicate a good fit and acceptable autocorrelation function. In general the plots
have several applications to the curve fitting problem. One application is through
structure that is left in the residual sequence. The user can look for new candidate
model variables that might remove that structure. Secondly, if the structure is too
fine for the user's eye, the autocorrelation function may indicate that that struc-
ture is present, Third, of course, is simply a picture of how well the computed
curve fits the measured data. This also demonstrates the noisiness of the data. For
example, a large variance in the residual sequence may indicate some filtering is
required on the measured data. The indication for filtering is especially strong

~when the model fits the overall trends in the measured data but the residual variance
is still large.
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CONCLUDING REMARKS

Two versions of a stepwise regression computer program which were developed for
the determination of airplane model structure from flight data have been presented.
The use of the program STEP with a Taylor's series expansion of the aerodynamic force
and moment coefficients was demonstrated in example 1. It is recommended that this
program be used in regions where the variations in angles of attack and sideslip are
not large but nonlinearity or aerodynamic coupling is suspected. Secondly, an
example employing program STEPSPL was given. This program uses spline basis func-
tions for the aerodynamic force and moment coefficients. It is recommended that
STEPSPL be used when maneuvers having large variations in angle of attack and/or
angle of sideslip need to be analyzed. The appendices contain the program listings
and output for the two examples.
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APPENDIX A

This appendix contains a listing of PROGRAM STEP.
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- _ 'pROGRAM STEP  TAsT4 T ORPTey T T TTTT T FTN 4.8+528 82/10/28e 07.41.,22 PAGE O _
o o _ . . PRCGRAM STEP(INPUT,OUTPUT,; TAPELsTAPE2, TAPES«INPUT, TAPEG=OUTPUT) o
— ) B REAL M,1Y,IXs12,1X2 B . B ) ) oo
- i DIKENSION RR(49,40),A(49,49)5AP(65:40) o L L
o . DIMENSICN T{500},Y(500),YHAT(500),XNU{500} T o S
s T - DIMENSION S(25,25)583(25),V(25) , o Ly )
- DIMENSION STDER{25),FPART(25) oL LT R
o .. DIMENSION W(S50),XLAG(%0} e
—__ - . DIMENSIPN IEON(3) : ) ) LT B
- e e e ._ . OIMEMSION TN(251,PPLT{2%),FPLT(2%),TITLE(S) ) ' e B
710 — . CCHMDN/START/ X(25,500),XXSUM(25,25),XSUN(25), XBAR(25),SIGHA(25) T
T B COMMON/ACDATA/ SAREASBSPANsCBARs MpRHO»GsIXs IYy 125 IXZs DELET,ALPHT _ L ~
e e e . YsPETTY,DELAT,DELRT,GCT,PTsRT o o a o o |
_. COMFON/AOP/ APR(25,525)1,00(500),PPRT(25),PRSMIN T
- CONMMON/FLAGSY IPSYP,NPTS,IDTMsJDTIMsNMAX, IMIN, ICNT(25),T0RD(25) ST _ )
15 * s IPPTSyLATOP, ITRIMOP, ICALL, TACELOP, IFILOP o T o T i
COMMON/ORDER/ IEQ,N T _ ) o :
R COMECN/ZACCFLY AX{500),AY(500),AZ(500),PD0T(500),Q00T(5001,RD0T(500 et
e 3 11sVELISC0Y,PI500I,0(5C0),R(5001 T o o . i
Mo EGUIVALENCE {A,RR} B |
= 20 i NAMELIST /INPUT/ IPRESDP,TS,NEQ,IEQN, T :
) * NPTS,IPLOT, IFLAG, _ ———— B gg ) ~
. * SAPEBA,BSPAN,CBAR, e . ", . .
- . * M2 RHOsGs UV~ > B ) ;
_ o _ * IXs 1Y, 1Z,1X2, ) i I __ - :
25 4 DELET, ALPHT,BETT,DELATSDELRT,QT,PT,RT, B __E______ e
o * FCRT, ITRIFOP,IPS¥P,LATCP, IACELOP, IFILOP . & '~ W 77—~ e L AT i
. ALPHT#BETT=DELETaDELAT=0ELRTe0ToPTaRT=0. . T = i
' CALL PSEUDO - T~ :
, 2502 TOLel.0£~08 $ICALL=O e T 5~ - B
30 READ(S,INPUT) T o m , :
e IF(EQF(5)) 25052503 A e 3__ ]
_ . 2503 WRITE(6, INPUT) ] LT <t P
D , ¢ PRINT SUMMARY TITLES ON TAPE2 _ , LT T e
L., 35 ¢ : , . . o . o y
- WRITE(2,980) e e e e LT
— 980 FCRMAT{10X,2STEPVISE REGRESSION SUMMARYR®Y T L o
] N=15 SLINMAX=3 C e .
N IFLLATOPLECL1) Nn25 , ST ) T o o s
40 IF{LATOP.EQ, 1) { INMAXeS .
¢ . !
. €O 1000 L=1,NEQ :
. 1
e e N . -4
i
1
- i




A - A

T PRCGRAM STEP

" 801

. 806 CCMTINUE . T )
" 805 CONTINUE L _ o !

07.41+22 ~paGE 2 0T

T ] FTN 4.8e528 82/10/284

T4r74  DPTel

TEQaIEON(L) $NGO=0 . e . ,
ICALL=ICALL#L T . : ;
“CALL DATASETCTS»ToYpX) 7 T o ) o
WRITE(2,985) IEQ T T I L o
ECPMAT(SX,*EQN # #,12) ~~—~~—~— 0o T T

WRITE{2,981) _ L . .
981 FORMAT(2X,*#TOT #%#,2Xs*PARAM #%,2X, %% VAR®,SXp*PRESS*,9X,*TOT F*) . ... e
SET UP DATA ARRAYS o T U
IF(LATOP.EC.1) GO TO 800  _ ' T T T
DD B0k I=1,NPTS oo e

IF(1EQ-2) £01,802,803 e _
X(N.I)-Y(I)-Z*H\‘GI(RHU‘SAREA*VEL(I)‘VEL(I))"AX(I) . o ) e L

GG TO 804 : S
X(NsI)=Y(I)= Z‘H‘G/(RHOOSAREA‘VEL(I)‘VEL(I))‘AZ(I)

802 —_ . _ I
G0 TO 804 i - :
803 X(N, n-y(1)-zﬂvnRHU:SARE”CBAR‘VEL(I)tveuI)H(ODOT(H O o . P
1=(I1Z2~IX)/7IY*$P(1)*R(]I)~ IXZIXY"(R(I)*R(I)-P(T)‘P(IH) e e I I
804 CCNTINUE . e e e e ol
— — e e ——————— _4

GO 10 8GC5 - . — I
800 DO 6C5 I=1,NPTS S U
IF(1EQ-2) 807,800,809 e e e e e e
BO7 X(N,I)eY(I)}=2%M#G/(RHO*SAREASVEL(T)*VEL(I})I*AY(I) ) PR .
G0 TD 8CG6 N
T 808 XMy 1)-Y():)-ztxx/(PuotsAREAtBSPANtVEL(I)*VEL(I))*(PDUT(I)- . L . e .
1CIY=1Z)/7IX*QUI)*R( D) =CIXZ7IX)*(P(T)*Q(1)4RDOT(I)]}} L L e
60 TO BOS e . e
809 )!(N,l)-Y(I)-Z*IZ/(RHO*QAREA#BSPAN*VEL(I)‘VEL(!))*(RDOT(X)- L . e
TUIX=1Y)/IZ*PCI)*QCT)I=(IXZ/7TIZ)*(POOT(TII=0(I)*R{I))) s e

IANOVA=O SNMIsN~1 $SN2M1le2%N~-1 $IPASS=0 i e e ez
NZ=MZMI*H2N1 SMAXLAG=NPTS/10 [ R
LINCNT =0 SLM1eNML o L ]

F1=F2=FCRT e

TFCIFLAG oEQe 1) LINOPs1 T T
DO 2C6 T=1sMAXLAG , T T T T
206 XLAG(I)=1-1 o T e T s a1

DO 51 1+1,2401 T
Al1)=0, : ' . . . N .
DO 52 I=1,MM1




PROGRAM STEP

et
L Tes

52

.53

%0

100

" 101

Ny

U5 - -
S LI
110
I ¢ ¢
N t{ SN

s Xz X2l

200
201

202
203

204

203

210

301

T4174 ppT=1 FTN 4.8¢528

AMIsteNIale R A .
DO 53 Ie1sNM1
A{I+N; T)==10
PC 50 I=1sW -
XPAR(I)sXSUM{I)aXCNT(I)w0. _ _ T T
DO 50 II=1,N T e e
XXSUM(TI,I)=0.

D0 1c0 II=1,N S, - - - -

D0 1C0 I=1,N e — e - i - -

DO 100 J=1:NPTS - L - — .-
XXSUF(I,II)ﬂ(XSUH(If!IS#X(I)J)GX(IX,J) _____ e .

on 101 Il=1,N _ U e -

00 101 J=1,NPTS e e = e -
KSUMETT)wXSUMTIT)#X{2Ts3) S, - -

D0 201 I=1,t L F D R - -

DC 20C J=1,NPTS o L e e e - -
YEAR(I)=XPAR(T)4X(I,pJ} _ . . - - -
XBAR(I)=XBAP(I}/NPTS -~

DL 202 I=1,N e e e e e e -

82/710/28.

07:4%.22

DO 2¢2 J=1,N T
SC{Isd)XXSUM(T,J)=XSUM{TIIEXSUMIII/NPTS
CONTINUE A S T
D0 203 I=1,N ) L
SIGMA(I)=SCRT(SIT, 11}
DO 204 Is=1,HM1

IP1=1l¢l , . L . L
00 2C4 J=1P1,N . e
RR{T,JI=SCI,J1/7ISIGMA{T)I*SIGKALS)] - e

RR{J,TVeRR{I; D

PAGE

28
o2
e B

R . o N
DC 2G5 I=1,N . e - L ey
RR{IsI1w1, o o e e e __~~£g%4
Dr 210 I=31,N , . = :
STCMA(T)=SIGMACTIZSARTIFLOATINPTSYY L i e e G
CONTINUE . o - - o
PHI=NPTS~1 L . . .
DO 3C1 I=1,NM1 L e I A - .
B{1)=0, o . . :
SY®SIGMA(NI#SORT(RR{Ns N} /PHI} Tl R {
PEDEFINE XXSUM,X WITH REDUCED # OF DATA PTS FOR USE 8Y PRESS _ _ - - e e
{
TF{IPRESOP.EQ,0) GO TO 450 i .




o
L W
o .
[2X2X2Xs}

450
320
250

260
300

o . 310
- 330

74774 COPTe1 T 82710728, 07441022 PAGE

IFCIPSKP oGTe O) CALL PSET L o o
IF(IPSKP LEO. O) IPPTS=NPTS L _ o o o

START LARGE L0OO®° ST T . o o
VMAX CALCULATED . IS o e e . _ . E . o e e

1=1 4 VMAX=0. SIPASS=IPASS+l . . . -
TF(A(I,1).GToTOL) 250,3C0 e e e e - L . -
IF{ICNT(I).E0.1) GO TO 300 e el e R [P .
VII)=a(I,NI*AIN, I)/7ACI,T) N e I e e Lo oL

IF(V(I)eGT.VMAX) 260,300 I O,
VEAX=V(I) $NMAX=] e e e e S .
JF(LINOPLEQ.,L) LMIsLINMAX : —_ e s e it e e e
TF(I.EQsLM1) 330,310 e e e e . - - -

6O TD 320 U O . O
COMTINUE e e et e e e
TehYaX - e - o R .

PN 145 . CALCULATE F . L o e
I - IF(VFAX.LToTOL) 2000,443 - oo B i
T o 2000 IF(LINCP.EQ,O0) 1999,2111 _ _ _ ~— ——~~ oo T U
T T 443 FePHISVMAX/LAIN,NY=yMAX) —~ — — =~ e e oo ) ses. .
T oo IF(F.GT.04) GO TO 444 B _ e - _88_ o i
1 A(N,M)=VMAY SF==F $NGDel SPRINT 998 - £ e e e .

| 4&& PRINT 950,F,1 . ) A

— ] IF(FaGT.F1.0RCLINOP.EQ.1) 40051999 T _____h___“__§'_§_ ST IR
T o 400 IF(IPRESOP.EQ.0)} GO TO 403 - T i R
c ,

155_ c CALC PRESS Y . = .- A

. CALL PRESS [ =4 o
- - 403 CONTINUE e _ - o o o
X T e UPDATE THE A MATRIX o R I~ o
T 160 . ICMNT{I)e]l SPHI=PHI~1 e L _ -
o T DC 4C1 IIsl,yN2M1 - [ ~ } _
N DO 4C1 JJ=1,N2M) S

IF(II.NE.I) GO TO 402 s T - T e

T — T AP(IT,9d)eAlII,S9)/ACTR,TY . — ——— e e ——ooem T
165 _ o G0 TC 401 OO OO S |
*~ i 402 AP(II,JJ)=A(IT,30)=ACTT,T)*ACT,JJ)/7ACT,T) ~ ] e
- 401 CONTINUE _ . _ !
- DO 411 I2=1,N2M1 A ;
e e e e . e .- - .. [N . . .. .. ._1’
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T T 777 PRUGRAM STEP T4/74 OPT=l R 7T FTN 4.8e528 82710729, 07.41.22 PAGE 6
oo SSDRel.=A(NsN) SXMSDR®SSOR/IV . I B ~ it
SSREGe=AINsN) SXMSSREG=SSREG/PHI T :
T o PVAP=100%SSDR ., o , o L
- T PRINT 954, PVAR S o o o ) _ _ E
- 215 i SCRESSSQRT(A(NsNI*SINyN}/PHI) ) _ )
- PPINT 955,SDRES B o L
T FIDT=XMSDR/XMSSREG . _ o . L i
. PRINT 957,FTOT T T
T T est FORMAT(1Y,*TOTAL F YALUE 1S*%,E12e3) e - _ .
T 220 e T i R o
T N ¢ PRPINT SUMMAPY ON TAPE2 i o ) )
- T ¢
T T WPITE(2,982) IV,NMAX,PVAR,PPRT{NMAX),FTOT . _ o _ B
T 982 FORFAT(IX;lS:ZX:15:3)(;Fb.ZpSX:ElZJ;BX:ElZ-B) T i
TTTIT T 228 INCIVI=FLOATC(IV) o L o o ) )
T o PPLT(IVI=PPRT{NMAX) L _ L 3
T T FPLT(IV)=FTOT ~ ) ) :
N DO 449 II=1,NM1 . _ o o ) ) :
o e IFCICNT(II).NE.1) GO TO 448 o - [t T
230 - B(IT)=A(IIsH)*SORTISIN,NI/S(II,II)} i T o
- STOER(II)=SORES*#SART(A(II,II)/S(IT,IIN) o N
T GO TD 449 ) L s
T 448 B(II)=0, S$STDEP(II)eD, ~ ) B L !
o 449 CONTINUE i _ 3 o
; 235 SUM#G, o e o I
— o DD 451 ITI=1,NM1 L ~ . . o H‘
T 451 SUH=SUMAB(II)*XBARCII) - oo
P i B(N}=XBAR(N)=-SUM S PP B i oo
o ; PRINTI58 L T T
T 240 i PPINT 956, (B(I1),1121sN) B - oot ) 1
! - . PRINT 956, (STDER(IIV,I1I=1,NM1) [ T o
- T DO 460 IIx1,NPTS ~ T
T } YHAT(II)=B(N) . ) R o
o e DO 461 JJ=1,NM1 T I i
T 248 461 YHAT(II)aYHAT(ITI)+BUJII*X(IIHII) T 3 - ) B o Tt T -
o . A60 YNU(II)=Y(II)=YHAT(II) . U i B
] IFCIPLOT 4EQe O) GO TO 470 T X o N ~ ) B
- o CALL Aum(xNu,nAxLAG,NPTs.u.xxsunm.m,lvu.mn.n U — _ i
T e catt INFOPLT(O,NPTSsTo1sYs1s00s00s0es00slossdHTIMESSY .. e T
N 250 16HY» YHAT,2295%¢23e55¢755075) S T T T - T B
: CALL INFOPLT(9s NPTS»Ts1,YHAT150¢200000s00510rbs4HTINESGy T - - "
"_ . 16HY,YHAT!C)50’3.5I 075) -75’ ’ . j
prasmm e T e RPN Lo
| - ST oo s e et 1
L e . o e |
e e At . ~ ]



]
f:“ff:_’_ " T'prOGRAM STEP T T4/74  OPTey T - S FTN 4.84528 82710/28. 07.41,22 " PAGE 7 B
i
: e CALL INFUPLT(QDNPTS’T’I’XNU)l’O-)Oo’O-)O.;0.,§,§HTIHE)65 R
L o ] ) 16HY=YHAT2255493¢550:054,75) )
L2858 CALL INFGPLT(I’HAXLAG;’XLAG’19";1!0-!0.;0.;0.:0.:3’
R e 13MLAG 6, 6HAUTD C922550234550600%075) - o
o o . &70 CONTINUE L . - .
— . N _ IF(NGO.E0.1) GO TO 1000 -

. N GC 10 2112 . R e e e i
e 260 _ 2111 LINOPeQ SLINCNTSLINMAX $LMleN=] . e e =
R e GO TO 450 . ; . el o . .
e 2112 ULINCNTE=LINCNT+Y e . _ - n . _ L
______ __ IF(LINCNTLGELLINMAX} LINGP=O ) R e R
—— . e LFleb=1 T e e _

265 ) 60 Y0 450 L S R S
______ e 920 FCRFAT(IXs///510X, sMAXIMUM F VALUE IS *,E10.3,¢ FOR VARIASBLE *p 13 - o - Lo R
_ . o _ S51 FORPAT{1IX,*VARIABLES IN REGRESSION®*,2414) e o _ L .
e . o 632 FCRMAT(IX,*PARTIAL F VALUE FDR VARIABLE *,13,% IS *%,E10,3} e e . 1
— e .. .. 953 FORHAT(1X,$VARIABLE #;13,% ELIMINATED®*) U e _ !
.2 ___ __ 954 FORMAT(1Xp*PERCENT VARIATION EXPLAINED IS *,F56,2) o e _

955 FOPMATI{1X,*STD, DEVIATION OF RESIDUALS IS *,E10.3) S

N e o . 928 FORMAT(1X,®NEW PARAMETER ESTIMATES AND STDe DEV. ARE%X) } e L
956 FOPMAT(1Xp15E9435/91X5,1069.3) . e

- CT 958 FORMAT(1X,*NEGATIVE F VALUE CALCULATEDS) e e
2T5 . 1999 COMTINUE e e e i

T T CALL PLOT2(TN,PPLT,FPLT, IV,24HTOTAL NO. PARAM IN MODEL,24j o
o N » 5HPPESS,5,4HFTOT,4) e
T . 1000 CONTINUE R -

T280 e ENDFILE 2 S RS

3000 FOPMAT(IHI,2X,* +) . . R
T DO 1500 I=1,100
288 T T READ(2,2001) TITLE
IF(ECF(2)) 2500,1200 B T
1200 CONTINUE LT T e

IF(IPRESNP.EQ.C) GO TO 1000 e T

0 ¥00d 40

REWIND 2 L LT
WRITE(6,3C00) , Lo

i

d VNIDIHO.
|
i
i

'
e it

yn
s 30
P
]

T T WRITE(6,2001) TITLE s - N ) T ~ T
) 1500 CONTINUE o - e o —___..-
290 _ 2001 FCPYAT(8A10) e T i LT - N B
_ - _ 2500 CCMTINUE e T e L ~ ¥
60 TO 2302 CTrTmr ) o o o M__ - i

2501 CALL CALPLT(O0¢s0er999) _
STﬂp < .
e L i . - . 1
. 1,
R . §
e e - H
- —d
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: " SUBROUTINE DATASET 764174  0OPTel FTN €.84528 82/10728. 0T.41.22 PAGE 1
1 SUBROUTINE DATASET(TS,TeYpX) _ ___ ... . o o L L
_ REAL MplYeIXyIZ,IXZ . o ) . .
T DIMENSION T(5003,Y(500)s%X(25,500) _ ) N _ _ o L ,
o DIMENSION BETA{500)sALPH(500) S T S T o
TTTTTTUs DIENSION DELA{5001,DELR{500),DELE(500) O
CIMENSIAN HAMES{50}, IUNITS(50),HOR{8),DATA{50) o . . .
. rcImensIoN bOO(500) s 0005001, ROD(500) ,PTERI500)»QTEMISO0ISRTEN(S00Y . . . e s
i T 1 HRK1(E00), WRK2 (5000 ,WRK3(500),WRK&(5C0),WRK5(500),HRKE(500) T - T
o . T TCOMPONTACDATA/ SyBsCoMsRHO,GsIXsIY» T2, IXZ,DELETS ALPHT o _
- 10 . 1,RETTsDELAT,DELRT, QTP THRT Tt oo , T
o N ~ COMMON/FLAGS/ IPSKP,NPTS,INIM, JDIM,NMAX, TMIN, ICNT(25), I0RD(25) T T
T * ,IFPTSsLATAP, ITRIMOP, TCALL, TACELOP, IFILOP i T oo
__ COMMON/DPDEP/ IEQ,N L L
T - COMMON/ACCEL/ AX(S001sAY{500),AZ{500),PDOT(500),0D0T(500),RD0F¢(500 . . . ) , .
I ¢ T 1),VEL{5C0)sP{5G0),C(500),R(500) T T :
R - ¢ .- - - ;
2 ) C_ IFCICALL.GT.1) GO TO 46 , S R i e
A J2eNPTS/2 N T T =4
- JPTS=2%J2 , . . . . -
B TE( (NPTS~JPTS} »EQe 0) NPTS=JPTS-1 T , B v
i JDIX=NPTS+N , L o2 {
o IDIM=N _ _ . A O >
25  PEWIND 1 L B
S ] 101 T T T L T T ow |
- N o NCH=20 - o L oo
. o READ(1) ID,NCH,(NAMES(I):Te1,NCH),(IUNITS(I),In1,NCHI,HOR ... - . 1 .
N o s IF(EOF (1)) 9994,502 T T L IS
B 30 502 PEAD(L) (DATA(J)pdwloNCHY . . - L o R _
B IF(EOF(1)) 9996,8001 T T o . A
- 8001 IF((TS).GT.DATA(I}} 502,600 . . _
b 600 CCNTINUE . _ s e o
- - IF(ITRINCPLEO.1) GO TO 602 T o i .
-1 T BETT=DATA(3) SDELAT=DATA(13) SDELRT=DATA(15) SOELET=DATA(14) _ . .. ... . , o
- o ALPHT=DATA{19) T
802 PRINT 19B0)ALPHT,BETT,DELAT,DELET,DELRT U
T 1980 FORMAT(L1X,»///s10X, *TRIM VALUES*/,15X, T T T e
- *#ALPHT BETT AILT DELET DELRT*/, T T T ]
40 *10X,5E12.5) i e B o
DD 15 I=1,NPTS e T T i
READ (1} (DATA(J)»J=1sNCH) ‘ . i o L :
e N e . S



— SUBROUTINE DATASET

601

——

74774 OPTeL U TTFTN 4.8+328 7 T 782/10/284 07.41.22  PAGE 2

IF(EQF(1)) 9996,601 '~ 7~ .
CONTINUE e L )
T(I)= DATA(1)-TS o B
VEL{I)= DATA{2) o _ . . B}
BETA(I)= DATA(18)-BETT o o o . . )
ALPH(I)= DATA(19}=ALPHT N ) . X
P(I)= DATA(S) L e
Q(I)= DATA(S) e, e - -
R(I)= DATA(?) - T e ) i}
AX(I)=DATA(10) o T . _ i ) _ o
AY(I)= DATA(1L) ey . e .
AZ(1)» DATA(12) U _ - .
DELA(I)= DATA(13)-DELAT _ . . e e e e
DELR(I)» DNATA{15)=DELRT SR _
DELE(I}=DATA(14)=DELET , . e o . , . -
PCAT(I)=DATA{16) SQDOT(I)}=DATAC20) SRDOT(I)=DATAfITY Lo o
COLTINYE . ) . et ‘ .
IF(IACELOPLEQ.O) GO TO 46 . o o ) - .
CALL SECDER(353,TyPsPODs PTEMpNPTSsPO»P3seBseBsWRK1)WRK2HWRK3y = _ _ — . i
IWRK 4, WPKS, WRYE) . !
CALL SECOER(3,35T»0 Q0D QTEMINPTS)PO»P35e5505»WRK1)NRK2,WRK3) _ } .
1WRK4 s WRK5, NRKS ) T o .
CALL SECCEP(3,3,T,RsRDDsRTEM)NPTS,PO,P3,e5s4 5, WRK1,WRKZ,WRK3,  ~ 7 o 1
1WRK 4, WRKS, WRKG) I S - o
DO 45 I«1,NPTS S
PDOT(I)=DERSP(T(I)sTsPsNPTS,PDD,PTEN) I - el il . -].
ODOT(I)aDERSP(T(T},T,Q,NPTS,CC0,QTEN) . o . . ) e o]

RCOTU(I)=DERSP(T(I),THRyNPTS,RDD,RTENM) . . S
CCNTINUE o U
CONTINUE . o e el
IF(IFILOPLEQ.O) GO TO 47 _ U S

CALL FIL(T,AY,NPTS) S .
CONTINUE

IFCLATOP.NE«1) GO TD 803 o S o
DO 800 1=1,NPTS e e
X(1,1)=BETA(I) o S
- - -— P — _ - - - - ——— e e— - — i - 1

X(2,I)eP{I)#B/(2.#VEL(I)) -

X(3,1)sR{T)I#B/ (2, #VELLTYY e e .
X(4,T)=DELA(T) . o o e e L
X(5,7)=DELR(I) : , . ;
X{6s T)=ALPH(I)#X{1,1) }




1¢

—
.  SUBROUTIMNE DATASET 74/T&  OPTel ETN 4.047%28 82/10/28¢ 0T+41.22 PAGE 3
y 8s X(TsI)=ALPHTI®X(2,2) ~ »
i - X8, I1wX{3,T)3ALPM(T} i .
B T X{9sT¥eDELALTISALPHITY .
- o X{10s1)sCELRCII®ALPH(T) N R o . .
T X(11,T)=ALPH(T ) *ALPH{T)&X(151) ) o
T T 90 o X(12, 1) ALPH{TI*ALPH(I)#X(2, 1) B o ) _ ) '
e X{13,1)=ALPH(I)#ALPH{T)®X(3,T) i . B T
- B T X(14sT1)eALPH{I)®ALPHII)I*X(4&,]) o i o B} . -
T T T X159 T)eALPH(I)Y*ALPHIII®X{S, 1) . o i R
e e X016 1) =X{1,I0%X({1,1) ST ~ ~ -
_ 85 OX{ITsIdeX(1,D38X(16,1) e - T i ) o
T X(18,I)aX(1,1)EX(17,1) o S T
X€19,T)mX 1,1} #X(18,1) - T S
T - B T X{20, 10X (1, 1eX(11,1) o L o . ) .
- o X(21,1)=ALPHITI®X(16,1) o A . y
._ 100 T X(22,1)mALPH{T) o T B T N N
e R X(23, 1) ALPHIII$ALPH(T) ; e o !
o o X(2451)aALPHIT)#X(23,1) o L o g
800 COMTINUE o ) B o “"”ii
60 TO RO4 o “ i
TTTT305 T 7T 7T 803 CONTINUE T T T T e e e e e 89 ;
o o _ DO 801 Tal,NPTS L e e R o ) 5 _ *‘
- T X(1s1)=ALPH(I) _ e i o . m & :
T T XU2, 11 =C/UZ%VELLTI))%Q(T)} o - - o 8% B
X(2,T1=DELE(T) ‘ i ez _—
R T XC4pTlex(ls11#X(1,1) T T T T T T T AT }
_______ oY X5, 1)aX(2,10¢%(2,1) o . - B - o _ . O T o
- X(6sI)eX(1,1)2X(3,1) S T 7 ) T n - N = Lot
o N X{T72p 1) uX(4s1)%X(2, 1) o R ) o o o - ?% __,
— R X(8plluX(a,1)*X(3,1) R ~ _ - o R B — ¢ :
_ns X(9yT)aX(4,1)ex (1,1} o o ~~:<4-‘?1'r-"—~ o
- i X{10s1)ax(9,104x(1,1} _ . L - 1
T T X(11:T)eXC1Cs TI#X(1, 1) B o o o
o T X012, 11=X{22, 1) 2X(1,1) - B _ ) . .
) B i XC13,T)=X{12,1)¢X{1,1) T T ) o . ) :
T 120 801 X(14,T3eX(13,1)%X(1,1) o o o N K
i 804 CONTINUE __ S
__ PRINT 964,10, TEQ,NPTS B . L i j
o B IF(ICALLLGT.1) 6O TO 999 T o } i _
IF(LATOP.EQ.,G) GO TO 30 o
_ 125 PPINT 968 ‘ : !
G68 FORMAT{1X»7Xy #TIMES, 11X, ®VE, 12X, *BETA®, 11X %P2, 14X, %R%,11X, ;
£ ]
: - ,‘-
!
- 3 N S - N




T 140 T 99T FOPMAT(S5(2X,E12.4)) oo oo T

SUBRODUTINE DATASET 74774  OPTel T FTN 4.88528 B2710/28, 0T.41.22 PAGE 4 ' ;
{

T 1*DELA®,11X,*DELR®) i ) . o o L

o Q64 FORMAT(1H1,3X, sRUN®)IBs5X s *EQUATION #,12,5X, *NPTS*,15,/7//) o K

L ) PPINT G62, (TUI)pVEL(I)SBETA(I)»P{I),R(IISOELA(IILDELRII), I 1,NPTS) , _ ) :

. ..330 7 Gb2 FORMAT(T7(2X,E12.4)) 7 ) N i ) ) :

R ) o CALL INFOPLT{1,)NPTSsTs1»DELA»150e504s0es00s0es1,1HT> o k . g

. o 14,4HDELAS225Te9542e755475) o o o K
) - CALL INFOPLT(1sNPTS»Ts1sDELR»190650es00200s005151HT, . } s

L L 16,4HDELR) 225 Tes542e755475) ) e ) o

13 G0 TO 999 7 ) T

o o 50 CONTINUE o o o ~ . . B

L L PRINT 998 . )
998 FORMAT(1X,TX»*TIME®, 11X, ¥V, 11X, *ALPHA%,11X, *Q%, 14X, *DELE*) = i .

- - PRINT 997, (T{I),VEL(I)}»ALPH(I)»Q(I},DELE(I), I=1yNPTS) T ST

) ] o CALL INFOPLT(I,NPTSsTs1yDELE»1s0e5Cer0er0es04s151HTy o B o . ~ o ) '
o o . 1454HDELEP22sTe254507524753) L o .
L G0 TN 999 - . . X _ ) ) :

N U 9998 PRINT 6999 L ) o o L .
145 _ 9999 FORMAT(1X,*ENF NN DUMRY READ®) . T, o o i
- - 6O TG 999 e e e e N . . . :
I ) L 9996 PRINT 9997531 R .. . - . . . i . :
R 9997 FORMAT(1X,*EQOF ON DATA READ*,5X,*INDEX J,1e #*,2110) = . ) L
— e €0 T0 959 L L . . . ) o R
150 . 9994 PRINT 9995 B [, . . o o .
9905 FOPMAT(1X,*EQF ON HOR READ*) L . . e T

T 999 CONTINUE T o i T
e RETURN . L ) L. o e - . T L *
I END e S
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FUNCTION DERSP

T 74r74 0PTel FTN 4,8+528

'82/10/28, 07.41.22

PAGE 1

S FUNCTION DERSPAXX,XsYpNpPpH) = = . .._._ DSCF 230 ~ R
- c FUNCTION DERSP DSCF 10 :
T c ) DSCF 20 i
o ] c DERSP IS USED TQ OBTAIN THE FIRST DERIVATIVE OF SPLINE DSCF 30 )
T b ¢ CURVE FITTED DATA - DSCF 40 ) B
e R ¢ DSCF 50
- _C USAGE = o - R DSCF 60 C o o
T ¢ X = DERSP(XXsXpY,NyP,yH) DSCF 70
o , c NOTE = IF XX LESS THAN X(1) THEN DERSP e DX(1)/DY o DSCF 80 e
T 10 i c IF ¥X GREATER THAN X(N) THEN DERSP = DX(N)/DY ~ DSCF 90 ) . -
o ¢ ! o DSCF 100 e
- o c WHERE =~ ) DSCF 110 T e
N . xx INDEPENDENT VARIABLE FDR WMICH INTERPOLATED SLOPE -  DSCF 120 ) ——
L ¢ IS DERSIRED DSCF 130 ~
] 1 c X N-DIMENSIONED VECTOR OF INDEPENDENT POINTS DSCF 140
¢ Y N-DIMENSIONED VECTOR OF DEPENDENT POINTS DSCF 150
o ¢ N NUMBER OF DATA POINTS DSCF 140
T ¢ P N~DIMENSIONED VECTOR FROM UPDATE DSCF 170 -
R {N-1)~DIMENSIONED VECTOR FROM UPDATE B DSCF 180 e ———
R c ) DSCF 190 o o ___ T
. c SUBROUTINES CALLED - ) . DSCF 260 i B o
o R NONE B DSCF 210 ) B o
e ¢ o DSCF 220 ) B i
- B DIMENSION X(13),Y(1),P(1),H(1) . DSCF 240 o .
25 ___ XPaxx o . e e i DSCF 250 e e
- o IF(XXaLToX(1)) GO TO 1 3 T DSCF 260 _ o o
T Kkl o _ T pser 270 - - B
1 ~ 00 2 Ie1,K . i DSCF 280 o . ) i :
o IF(XX.LT.X(I+1)) 6D TO 3 . LT T T bscr 290 o !
.30 . . 2 CCONTINUE I - e DSCF 300 - . . L. -
- R ¢ e DSCF 310 L e
- T XPuX (N} K _ B ) B DSCF 320 B l i _
] - 60 TO 3 e T ) e _ __ DSCF 310 R ) ) ;
T ) _ 1 XPsX(1) o e _ DSCF 340 A e B )
T T s T T . 1=1 ] e T o DSCF 320
o o "3 Fle(X(I+1)=~XP)#s2 . o e e DSCF 380 o e o
T F2e(XP=X{I))#s2 o DSCF 370 o o -
- - ~ F3eH(I)/3, ] , DSCF 380 R T T B
o ~ PERSPeC(F3=F1/H(I)I®P(T) & (F2/H(I)~F3)#P(1411)/2,4(Y(I+1)=Y(I)}/ DSCF 390 e S U
40 1 HtD) DSCF 400 T i . T
oo RETURN DSCF 410 |
L END DSCF 420 ) §
: ) _ _ ) ’i
¥
i S ) N




L 74774 OPTel FTN 4,84528 82710728,
1 _ SURROUTINE SECDER(LIsL2sXsYsPoMoNsPOP3,XK1» XK25A»B,CpDsGANMA, UeD 480

N . 1 BETA) UPD 490
e _ e SUBROUTINE SECDER UPD 10
. I T urdD 20
s I SECDER 1S USED WITH FUNCTION SPLINE TO PREFDRM A SPLINE urD 30
e I INTERPOLATIONS IT IS USED TO GENERATE P AND He UPD 40
¢ urs %50

o ¢ USAGE - UPD 80
—— T e CALL SECDER(LI,L2,XsYsPsHsNsPOsP3,XK1,XK2,A»B,CoD,GANMA,BETA) UPD  TO
— 160 ¢ yep 80
i€ WHERE - upD %0
_ R ¢ L1,L2 DETERMINE THE END CONDITIONS AT X(1) AND X(N) TO BE uPD 100
€ _ __USED. (SEE BELOW) urD. 110

N X N-DIMENSIONED VECYOR OF INDEPENY POINTS urD 120
15 ¢ Y N-DIMENSIONED VECTOR OF DEPENDENT POINTS UPD 130
e i (3 P N=DIMENSIONED VECTOR TO BE RETURNED UPD 140
e e I H (N=-1)=DIMEMSIONED VECTOR TO BE RETURNED uPD 150
e e c NUMBER OF DATA POINTS urD 160
On ¢ SECDND DERIVATIVES ARE GIVEN AT THE END POINTS .. __. usD 170
20 ¢ XK1 NDOT USED o uPh 180
o ¢ XK2 NOT USED UPD 190
e . ¢ IF L1s1 THEN urp 200
e e ¢ PO SECOND DERIVATIVE AT X{1),Y(1) urp 210
e R c IF L2=1 THEN o uPD 229
- 25 N P3 SECOND DERIVATIVE AT X(N),Y(N} o . uUPD 230
o c FIRST DERIVATIVES ARE GIVEN AT THE END POINT UPD 240
b < XK1 NOT USED T T UPD 250
. o XK2 NOT USED L UPD 260
e I IF L1=2 THEN uPD 270
s 30 c PO FIRST DERIVATIVE AT X(1),Y(1) e . uPD 280
‘ c IF L2=2 THEN T __upD 260
,,,,,,,, ¢ P23 FIRST DERIVATIVE AT X{Ni,Y(N} uPD 300
e : ¢ NO INFOPMATINN ABOUT THE CURVE IS KNOWN uPD 319
e ~ c PO NOT USED ) - UPD 320
. __ 35 ¢ P3 NOT USED , } o uPD 330
e ¢ IF tle3 THEN uPD 340
C _ XK1 Prt(3,0) = XKI*P*®({3,1}, XK1 GREATER THAN O _ ... upD 1350

e _ c IF L2=3 THEN - urPD 360
e _ ¢ XK2 Pt (3,N) « XK2%P'1(3,N-1), XK2 GREATER THAN O _ _ uPD 370
o %0 ¢ A N-DIMENSIONED WORK VECTOR uPd 380
- c B N~DIMENSTIONFD WORK VECTOR uerD 390
o o N-DIMENSIONED WORK VECTOR uPD 4CO
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T T 74/76  OPT=1 _ _ e
o o ) © N=DIMENSIONED WORK VECTOR __

BETA N-DIMENSIONED WORK VECTOR . .
GAMMA  N-DIMENSIONED WORK VECTOR . _

SURRDUTINES CALL - oo
NONE .

KaN=]
00 1 JelsK
1 HEI) =X (J+1)=X()
- .. D0 2 Jw2,K )
55 T T ALY = HUI=1I/HOD) L
BIJ) = 2o (H{JI+H{JI-1))/HLJ) T
ClJ) = 1.

e _ IF(L1.E0.2) GO TO 20

.60 . . IF{L1,E0.3) GO TO 10
B(1)=1.
C(1)=0.

"s0 . DIMENSIODN XUN) s Y (NI s ACN) pBINI 5 C (N}, DINYsGAMMAIN) JBETACNI,HIND» P(N)

T T T T 20 . 6o FHIIIHLIY(I41I=YLIII/HIII=CY (=Y (J=1))/H(I~1)) _ uPD

Uued

R UPD
uPD

i upPD

_ urPD

upPD
uPOo

uPD
uerD
ueroD
uePD
UPdD
uprD
uprD

uerD
ued

T e
. weD

. - D(1)=P0 L .. S . uPD
e e . GC 10 30 e e e - urD
-1 10 8(1)~1, e e o e urPD
—_—— - C(1) =XK1 S e e o UPD
D(1)=0. e . - upPD
60 10 30 I .

IF{L2.E0.3) GOTO 11

D{N)=P3

B{N)=1,

... 20 B(1)=H(1)/3. . e e me e
TO . . C(1)=H{1)76. S
- DL1Y=s(Y(2)=Y{ANI/R(L)=PO e
.30 IF{L2.EQ.2) 6D TO 21 OO

e A{N)=0. JE S
3 B Y{PEE W L

60 TO 40 LT T L
11 AlN)ea=XKZ L

UrPd
uPD
upPD
upPD
uPD
ueD
uprD
UerpD
uPD
urD
ued

80 T DINY=O, -

- . . .21 A(N)=H(K) /6.
— BIN)=sH(K) /3,
DIN) =P3=(Y(NI=Y{K))/HIK) .

60 TO 40 _ T T

" UPD
urD
urd
upd
uprD

T82710/28. OT.81.22°  _  PAGE 2

410
420
430
440
450
450
470

510
520
530
540
550
560
570
580
590
600
610
6293
630
€40
650
660
670
680
690
700
710
720
730

740

750
760
170
180
9
800
810
820
830
840
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" SUBROUTINE FIL

.. .3

74774  pPTer T 7 T FTN 4.8e%28  _  82/10/28. 07.41.22 PAGE 1 L

SUBRAUTINE FIL(T,P,NPTS) L , o o , L
DIMENSION PF(500),H(500),P(500),T(500) ‘ _ )
PI=3.14159 SFC=2.5 $FT=2,51 SWCe2#PTAFC SWTe24PI¢FT -
NMID=NPTS /2 $0T=.05 ST , - o o
W2= (WT=WC ) *(WT=WC) T - N o .
D0 3 I=1,NMID _ o T

K=1 e s wememe i e e e e e e

HUI) =PI/ (24K#DT)#(SIN(WT#KEDT )+SIN(NCHK*DT) ) /(PIOPI=w2oKeDY _ ~~—~ — "~ 77777 = s _ B o

1*K*0T) . e n e ———

HO=FC+FT e . . , L
NFMI=NPTS=~1 _ e
HNORNM=HY e o . . oo -
DO 1 I=1,NMID e e e e
HNORMe HNDRM4H{T) %2, L ) ) o e ) i L e
DO 2 1=1,NMID . o i . e e s
H{I)=H(I)/HNORN _ S ) o L o . . !
HC=HO/HNDRM o B L v :
DN 5 I=2,NMID T e T N ] o g
IM1=1~1 L I — R e e e e i
PF(I)=HC*P(I) U o ; .- i
DO 51 Je1,IM1 T T o o L
PFIN=PFCI}+HIJISIP(TI+I4P(I=3)) L L . L :
DO £2 J=I,NMID e L L

- PFUI)aPF(I)+42%H{J)*P(1+)) . . S . .. . o - .o

CONTINUE e - T
NP2=NMID42 . . o }
i

DD & I=NP2,NPM1 L T o
NPMIeNPTS-1 el e . L . .

PECI)«HOAP(I) o R
00 41 J=1,NPHI T "_ . T L S
PFII)=PFCIY+H(J)*(PL{I=J)+P{I4+)) R o - e e e e e
NPHIP1sNPMI+] _ N o . )
DO 42 J=NPMIP1,NMID S R

PF{I)=PF{I)42*H{J)*P(]I=J) . . . o e e . A

CONT INUE . . e e
PEL1]=HU*P(1) SPFINPTS)=HO#P(NPTS) SPF(NMID41)«HO*P(NMIDe1) =~~~ "~ "7 B

00 10 J=1,NMID . . e i - .
PRIL)I=PFL1142%H{J)*P(14]) e et e e e e e
i

e PEINMID41)}pFINNID+1)+H{J)#(PINMID+14J)4P{NMNID+1~5)) S
. _ 40 10 PF(NPTS)=PF(NPTS)+2*H(J)I*P{NPTS=J) o SO
o BO 6 I=1,NFTS L R o e . . o o
. 6 PL{IN=PF(I) . - L L L
? S . |
- —— e i s i o , i

- o e o v o : . } o
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SUBROUTINE PLOT2 74774  OPTel 7T T T 77T FTN 4484528 82/10/28. 07+41.22 PAGE 1 o

T SUBROUTINE PLOTZ(TsXsYsNsLABTsLT,LABX,LX,LABY,LY) o ) .
o DIMENSION T(1)»X{1)»Y(1) ) i
. : N1x=N+] e R . . . - ‘
. N2=N+2 o . i
.5 . CALL ASCALE(T»4,,N51,184) o
:_ o - CALL ASCALE(X»2s5Ns1,10.) . ] o . B »
- CALL ASCALE(Y»24sNs15104) B I L o
L CALL CALPLT(1le2les~3) o ) )
- i o B N caLt AXES(0.}0.’0.;5.pT(Nl)’T(NZ,’1e'5o!LAsr)-15"‘lT’z"_‘_—____ i . ’ )
h CALL CALPLT{Corlas-3) : e _,j R — o ,_'_._... ) _ ’ ..-_‘ - _‘
CALL AXES{0es0esT0es2es XINIIsX(NZY»LosBersLABXso25,LX02) 7 R e
CALL LINPLT(To»X»N»1ls0s0s1) ~ e . . i
~ CALL CALPLT(Ces2.5,~3) e e
L ] N CALL AXES(CosCos90es2es YINIIpY(N2)s1lasBosLABY,al5sLY,2) o i N ] o
Y CALL LINPLT(T,YsN»150,0,1) s s o o o .
. . o o CALL NFRAME _ . . 7 » i o _
e e e RETURN A - e - . - ‘
] END e s o h »

[,

B, . i U S S
T R - i L o ] L
.

S . - e _ - i
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T ] T T T T T o
T - R - ST o .
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. S . T L o]
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hN]

LG4 h

Nl

I=XVWtE (T)A=xV.A

JOF Q2 (XYUA® 1O {"yA) 1T
BERSRTARKLRAEIRILEE LN BN

COC L DO ((TepAt (TN AT

GOC €052 (1L eTI Y T
T+5SVdl=8SvdTe cUEXVHA & T=]

QALTANDIITT x A
RUIT TR B RVIE RN Tl BN

CTHG/ (NI AAYIHDS «t Y VLS T T=4AS

LS S

TRWNETET TR0 4

T— ) dN=Ttid

IR SN

((SLANY LV T DIDS/ZETIVROT S= (1) is
NETa 1T N

*T=([¢])u

NfET=T G927 a

() td2{ TFD0Y uid

IR YWOT S EIIVRATSYI/ (R T )S =44 AN
NeTdT=1 »22

. Telaldl
ITWNET=1 w0

(1615 EAnS=(TIVNTS

HETaT a2 an

T ENMGD
SLAN/LPYENSY & LTI WASY ={PE IIUN X X= (M €] 1S
HETZ L 02 0

NETm T T Nn

TEANZCEY AV =0Ty Ay X
(PETIXH(T) AT Ix = (1) dyY

Ql(pzfy,r\ AR ]

N€T=] 1127 000

(FOTTIX+LTTIRNASX= (T TY « 70X

CigiléTwpr 107 i}

NET =TT TaT g

(PFTT s (P T I " fT ) wnSxy =77 47 304X
Stané™=r 757 D

€T = VT

P ET =T 7 [ AR

AL TETT YN Y

T=}dn CW N A AR

5
[PRY

et
(-

(SRS N )

r71

17

cTe

GOT

vnT
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ORIGINAL PAGE
F POOR QUALITY

o)

19vd

RZ*ED°L1

L AV RS RAN

€711 e fn

re( LYINDTE(TY NS s { TY Y OX

NET =T e )

Ples (T 6T )Y

TWh T 8T £ 50

CT={nel 1Y

TWMET T g e

tLE(T)V

197347 =] T« il

T=-T={)eM7X

ayiyvfIs| w7

T=¢0NIT (T *0B7¢ v 4Ty 11

1404=24=T4

THN=TJTS OxpNONTY

CT/CLdN=OVTIYYHe TN T 2= 2N

V=SSvd T T-h#d=ThIN} T=M=TdNS C=vALINY]
THRNT AN

MNTENDD
(T st ) D=(T LU0 $ 2T 77X T YT 0e( 1) de 7T/ LAT~XT)T

—(TYINON) « LTV IIARLTI I At VOIS TAVS MY /7T 5= TIA=LTENIX (¢
DR B
(LTI nEA+ IO =L DV ) 2 (XTI 7ZXT =T )N TY O XT /(7T =AT) T
—CIIINGE IRt CTY ITAK (TN IARNY ASH RV INYS wl)HA ) /X T 47 a0 TY A3 (T ENIX & O
RIR VS ]
CIVAY &0 0TS T VAR I»VSHLHNY /%A =0 IV A=TTCNDIX 2L
€7g Ry R (2-G3T) 3T
SIdNFT=] 9N ud ool
TN N9
INKLELNUGTY 9.0d
(AT/7x V&l Ut ) dal T =0T Al TIXY=AT/ X T=7T x0T )N {T}d=1
CIVEUEY 3t EI DYV ARL I 1 A4V EI«V " AVS 32} /AT 42 =( T A= T 4NIX v
500 0L 6o
(TI7V 00TV FIASL T I3ARVINYSR HX) / 9sl a2 =l TY AT INIY o
00 Lo
CIYYVaC LTI ARCIY I2ARY 2V SA0HA) /9l e =l T A= (TeNIX Tu -
FAREZIRCTOY (7= 17 4T )
S1dNITsT &0y 10
] 0F 1o gy en a1y 47
TAWA w iy g} K
(XEACLeSI) 1 PSvivY 1TvD
ChGeRty N Talan Wi IR

[t
Q.

LS S

SUU A

Gl

[e]

(5]
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9

15

3v

3>

40

T s PoTs Flo aueRe

Voisoa o ST e ot (s Ty o TR T, T E e T AP r e sty I, TAP s T 1T
FUaL s Ys 1 iXe

s LD RR (2 7YY AT T3 AR 7T )

PIM b TUasuGl s Y )y YIAT (o )y XHUL ()

Pledfo i Slaepbndy tau)avie2)

UIRME LS Lo STuck{aChyrPanTl63)

ittt Lot WOl )y XLAGU L)

Olkc o il LEan(3) s KNTE23)

COBTIT /S TANT S X€aU» J0u ) XASUMES0s 9T ) s KOSUMEGL )y XBAR (4D 5 THMA(LL)
LRI COATAS SAFEAS 3 3PAN s ARy Ap r iU Gy SX 0 Yy bl XLolibLE b patPyl
HETENTE B PRVANTRS SRR S R TR FEal

LUMHL /LGS MR TS, CNT (e )y LATUP, ITRIVIP, [ ALy FACH LUP, LFILOP
CriMbi /iR W/ T Qe N

CoaMauN/BLl b/ AXLYC ) s AY (30 ) 8 (00 ) o P LT (933 ) GLUT Q0L ) FBUT (700

s VELEST 0 aP (L) sty L) s? (Y0

COMMy /e N1/ XNLT(23)

CAlTEVALc el (askb)

ANV L[ ST 7 INPUT/ TS,N_Gy 1 9N,
HPTSe LPL DTy LrLETy
SBrEASP AN, LIAKY
MyprHilsuy
IXsiYslds IXLs
Delt THALPHT 8 TT,0 LAT, Ui LE T, QT,PT,RT,
PO Ty LTRLMUPy LATOP, [ACELLP, IF1LUP

ALPHTa 3 TT sl Lt Tey [LATeDELAToQiaPTuf Tat,,

Cribl o Pycbob

Til=1.3t =d LICALL=v

vl 49 Li=i,23

XD (L) e GHT200+ L Ja~1 }ra01T74.3

AL s INPUT)

2y 25018503

W ITLL A 1HPUTY

00 39 i=1,23

kBT LI s r XOXH0T )57 03)

PYIHT 9595 (bl =l d7hsikinT{1)sl=Lst 7}

e 40 st L HMA XS

00 (Lal P 2. 1) h=es

[FLLAT P e wel) LINMAX=Y

W+ 3 B ¢ F

vl LCLy Le g NEQ
Lo W=l INAL) U=,
ICALL=1CALL+]

Palud D

Tlevdat



APPENDIX 5

This appendix contains the listing for PROGRAM STEPSPL (as used in

example 2).
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09

TA2vieygp, 82/10/28.NASAZLRC CY1T7%-R

07+41420STEPJ, 73000,
07.41.2048ATTERSON ,
C7.41.20.USER,043450N, -
07.41.21.CHARGE,101218,LRC.
07¢414214GET,STEPT,
C7.4.,224FTN(I=STEP1,R=0,4,PL=15000)
07.41.32. 13.535 Cp
07+41432.GET, DN,
07.41.33,0ET,81HVDP,
07.614340SKFIP2, 5INVDP, 79y B.
C7041434.C0PYRR, RINVDP, TAPEL,1,
0741434, COPY CCMOLETE,
C7441.24,REVIND, TAPEY,
07441434, ATTACH, FTNML IB/UNSL IRRARY,

NOS 1.4 (R23)

R2142 B8

SECCNDS COMPILATION TIME

NOS 1.4 531 R CPFS

07.41.36.&TTACHpAKCLIB/UN-LIBRAPY.
07.61.37.ATTACH»LPCGOSF/UN-LIBRAPY.
O7.41.35.GET:ISSILIR/UN-474750C.

07.#1.36.LDSET(LIE-FTNHLIB/AKCLIB/LRCGDSF/ISSILIB,PRESEY

C7.41.26.LG0,DUN,

07.41.42. sToe
CTe41l.42. 251100 MAXIMUM EYECUTION EL,.
U7.41.42. €.700 CP SECONDS EXECUTION TIME,

07.ﬁl.BZ.PLOT.VARIAN(FPAHCNT-BO;EOIT(I;30))
C7.41.44.V001
07.41.53, 1CG FRAMES ¢

2431 METEPS GENERATED.

07.41.53,PICTURE IFAGE FILE WILL BE SAVED ON DISK

C7.61.26. *#x%s  DIGT QUTPUT COMPLETED

07.41.58.vC02

076¢424C4. NO PLOTTING ATTEMPTED

07.42.05.PLCT.VARIAN(FRAHCNT-BO:EDIT(bl;QO))

07.42.07.VG02

G7e424135 NO PLOTTING ATTEMPTED

U7.42.13.PLOT.VARIAN(FRAHCNT-BO»EDIT(?I;IZO))

C7.42,15.V002

07.42.21. ND PLOTTING ATTEMPTED

C?.éZ-ZZ.PLOT.VARXAN(FRAPCNT-BO;EDIT(121;150))V,H“Vj

07.42.24.V002

07.42.30, MO PLOTTING ATTEMPTED
07.42.30.EX1T,
07.‘!2.30:UEADI OQOOZKUHSU

C7.,42.30.0EPF, 1.426KUNS,
07¢42.20,UEMS, 21a462KUNS,

0744¢430. 175 CPU SEC = UECP /5,406

L CT7.42.3C.UECP, 43,379SECS.

L 0T.42,30.4E8R, 192.,2821NTS, .

1 CT.92,30.APPROXIMATE JOB EXECUTION COST =

L E 2 1]
07.5l.ﬁb.DLQT.VARIAN(FRAHCNT-3O;EDIT(31:60))

A=NGINF, MAP=SBEYX)




APPENDIX 4

This appendix contains a sample procedure file (JCL deck) for running

example 1 at the Langley Research Center computer complex.
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o STEPWISE REGRESSION SUMMARY
TTTeoN ¢ 1 .
CT0T # PARAM # % VAR PRESS __TOTF o } _ _
i} 1 1 95.43 ~R +85T710E+03
o2 3 100.€0 ~R +59TT3E+10

EQN # 2 ) B . ~ o . B
TTOT 8 PARAM £ X VAR PRESS TOT F - )
- 2 58.76 =R .58427E402 T o i

3 T2.64 N ~R ___ e53111€402 _ _~ ~~ ~ o T oo o )

1 100.00 7 =R 7 ,28453E411
oN ¢ 3 B )

_JOT # PARAM # X VAR PRESS C TOT F o o ) o o ) ) )

- 2 B80.54 N ~R e1697CE+03 ) o i o ) ' T

1
-—__,.2 —_——
3
£

1
- 3 97.22 , =R .69937E+03 i R T

3 1 99.9% =R | L20%68Ee05 " o oo N i

s ? 99.97 T =R T L27162E408 T i B

B . ) T o i

- o o

e e e e e e e e e e e ot e e e . - S i
- e T e e e e e e e e e e e et e e et L - - - .- —i

i
- ) - T t
S, - / — . e m e e i - - -

i
;
i
t
t
]
I
i
i
1
1
S S

- - I e - e e 'T
;_____,__*_,-.__._.__ e e R, — - e e e e e - e e e e ___4;
; J
. _ N _ _ H

- O




LS

NEW PARAMETER ESTIMATES AND STDe DEV.e ARE . . e .
-+105E+401 +153E402~.996E+000. Oe Oe 0. 0. 0.
_e235E-01 4B&LE-C1 ,TR4E-020C, 0. _.. Oe _0%e ___0e ____ 0.
RESIOUAL MEAN IS =,52800f-14

SIGMA SQ OF RESIDUAL IS +»85285E~04 . . - .
: MAXIMUM F VALUE IS +305E+402 FOR VARIABLE 7 . S
VARTARLES IN REGRESSION 1 1 1 0 0 0 1.0 ©O__0 0 _o©0 0.
PARTIAL F VALUE FOR VARIABLE 115 0296E4+04 L
PAQTIAL F VALUE FCOR VARIARLE 2 IS 5535404 I 3 N
PAPTIAL F VALUE FDR VASIARLE 3 1S +203E+05 ,

PAPTIAL F VALUE FOR VARIARLE 7 1S «297E402 :

VARIABLES IN PEGRESSION 1 1 1 ¢ 0 ) 1 ¢ 0 o o0 o0 o
PARTIAL F VALUE FOR VARIABLE 1 IS . «296E+04

PAPTIAL F VALUE FOR VARIARLE 2 18 «553E404

PARTIAL F VALUE FOR VARTARLE 3 158 «203E405 e - - -
PAPTIAL F VALUE FOR VARIARLE 7 15 «297E+402 I N
PESCENT VARPIATION EXPLAINED IS 99.97 _ -

STD. DEVIATION OF RESIOUALS IS «112E-02 - . B} .
TOTAL F VALUE IS W27162E+405 ~

NEW PARAMETER ESTIMATES AND STD. DEVe ARE . .
=elGTE4O] ,143E402-,991E4(CC, 0. Oo ___ _._. e327E4030, _ _.. _ 0s
. «179E~01 +657E-01 «555E-02C. 0. C. «203E+020, O
‘RESIDUAL MEAN IS ~,55085E-14 _

SIGMA SQ OF RESIDUAL IS «4T7B91E~04

p———
i

PERCENT VARTIATION EXPLAINED IS
STD. DEVIATION OF RESIDUALS IS

TOTAL F VALUE IS

«20806E405

MAXIMUN F VALUE IS

89.54
+148E=02

+424E401 FOR VARIABLE 14

0.
Oe Oe .
O _ . O0e ___ __
0. . 0.

"Oe
O

0o

0.

0.

]
'
]
i
|

Ce ‘=e731E=01
0
O _n,-;7175-01
0.
.29
ﬂ_,;g_gz,,
=
8 .
82
N ol .
i el -~

Sl 35
R

ALY




TTRUN 1 EQUATION 3 NPTS - 43

B MAXIMUM F VALUE IS - ¢174E+03 FOR VARIABLE
VARIASLES IN REGRESSION O 1 © 0 0 0
PEQCENT VARIATICON EXPLAINED IS 80.%4 o
STD. DEVIATION CF RESIDUALS IS  255E-01

TOTAL F VALUE IS 4165705403

NEW PARAMETEP ESTIMATES AND STDe DEV. ARE

Co «195E4+020, 0. 0,

0. + 1494010, 0. O, .
RESIDUAL MEAN 15 —,48282E-14

SIGHA SQ OF RESIDUAL IS  ,Z6634E~01

S VARIABLES IN REGRESSION ©0 1 1 ©0 ©0 0
PARTIAL F VALUE FOR VARIABLE 2 IS  .886E+D3
PARTIAL F VALUE FCR VAPIABLE 3 IS  .240E403

APTASLES IMN REGRESSION © 1 1 0 0 o0
PARTIAL F VALUE FOR VARIABLE 2 IS  +686E403
PARTIAL F VALUE FOR VARIARLE 3 IS  .240E+03
PERCENT VARIATION EXPLAINED IS 97.22
STP, DEVIATION OF RESICUALS IS  o9T6E~02
TOTAL F VALUE IS .69957E403
NEW PARAMETER ESTIMATES AND STD. DEVe ARE
0. ¢ 160E+C2-.858E4CCC, O O
c. «ST1E4C0 51TE-C1G., C. O
RESIDUAL MEAN IS —,73430E-14
SIGMA SQ OF RESIDUAL IS  .38071E=-02

MAXIMUM F VALUE IS  L175E404 FOR VARIABLE
VARIABLES TN REGRESSION 1 1 1 0 0 0
PARTIAL F VALUE FOR VARIABLE 1 IS  170E+04
PARTIAL F VALUE FOP VARIABLE 2 IS  .260E+05
PARTIAL F VALUE FOR VARIABLE 3 IS  o121E405
_VARTASLES IN REGRESSION 1 1 1 O 0 ©
TPARTIAL F VALUE FNR VARIABLE 1 IS  <170E404
CPARTIAL F VALUE FOR VARIABLE 2 1S «260E+05

MAXIMUM F VALUE IS

0.
Co

~PARTIAL F VALUE FOR VAPIARLE 3 IS +121€+405

¢

«246E403 FOR VARIABLE

0

0

0

)

Oe

i
. ¢

O _

‘0

0

Oe .

Os

—— il

0o

0

0.

0.

o
0o -  °0
L 0e __ 04
g e

o S -
O 0o
0. 0.

"6 .
)

Qe
Q.

O
0.

. =e828E=Ql

~e118E400
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W
£~ -

RN 1 EOUATION 2
: MAXIFUM F VALUE IS
VARIASLES IN REGRESSION O

NPTS

.599F+02 FOR VARIABLE
T 0 o o0 ©

0

* PERCENT VAPIATICN EXPLAINED 1S %8476 B ) [ R o . o
<Tn. DEVIATION OF RESIDUALS IS «334E-01 , o , ] o
TOTAL F VALUE 1S <58427E+02 e B . .
NEV PARAMETER ESTIMATES AND STDe DEVe ARE T T L e g ey L ) .
Oe ~.150E+020. Ce T 0e . 0s__ ! 0. 0. 00 T0e Qe _ . Qe . 0. =+131E401 _
Coe . +196E4010, [s28 _O.. o O . Qe Do . O ____'__‘¢007 I Qe I . Oe Oe S _
RESIDUAL MEAN IS =o79977E~13 A
SIGHA SO OF RESIDUAL IS  +45829E-01 . 3
o WAXIPUM E VALUE IS  +208E#02 FOR VARIABLE 3 1 ‘. .. oo oo oo o oo U i
VAPIASLES IN REGRESSION ¢ 1 1 6 o o o© o0 0 0 o o o o . A : o .
PARTIAL F VALUE FOF VARTIABLE 2 IS  «105E+03 _ . L e e e i
PARTIAL F VALUE FOR VARIABLE - 3 IS +203E+02 L . _ o . o - . e
VARIABLES IN REGPESSION 0 1 1 o o o o © o o 9o O 0 O e e e e e - R
papTIAL F VALUE FOP VARIABLE 2 IS «105E403 , . L o L } o
preTIAL F VALUE FOF VARIABLE 3 IS  «203E+02 L e S T T T
cERCENT VARTATICN EXPLAINED IS T2.064 B L o ..1
©72. DEVIATION OF RESIDUALS IS «2T6E=01 o e e s . o
"“TCTAL F VALUE IS «53111E+C2 B . N - o :
NEw PARAMETER ESTIMATES AKD STD. DEVe ARE . :
Oe - 1785902“0705E*000. O [+ )% Qe [+ 19 Qe Oe Oe [+ 19 [+ 19 -e134E+01
0. c161E401 o146E+CCO. 0. 0. 0. 0. O O ~ 0 0. O
RESIDUAL MEAN IS —.85596E~-13 - ) S - I -
SIGMA SQ OF RESIDUAL IS  +30403E-01 ] i o
- WAXIMUM F VALUE IS  »239E+11 FOR VARIABLE 1 — — = = o - T T , T
VARIABLES IN PEGRESSION i 1 1 o o o0 o o o O o o o O PR
PARTIAL F VALUE FOR VARIABLE 1 IS 0e234E4+11 , . _ . - '
paRTIAL £ VALUE FOR VARIABLE 2 1s «T49E+11 o
PARTIAL F VALUE FOR VARIABLE 3 IS  «249E+11 . o
yARTABLES IN REGRESSION = 1 1 1 o o o o ¢ o o 0 O o 0 o o R
TpARTIAL F VALUE FOR VARIABLE 1 IS  «234E+11 :
CpARTIAL F VALUE FOP VARIABLE 2 IS W74¢3E+11 ' , {
_PeRTIAL_F VALUE FOR VARIABLE 3 15 2 249E411 — i
U




r
‘

T CMAXIMUM B VALUE IS  oB7SE+03 FOR VARIABLE 1
VARIABLES IN REGRESSION 1 O O©0 © ©0 ©O0 0 © 0 © © o o0 O .
PERCENT VARIATION EXPLAINED IS 9%5.43 : X 3
STD. DEVIATION OF RESIDUALS IS  .139E-02 i i .
TCTAL F VALUE IS o€5710E+03 .
NEW PARAMETER ESTIMATES AND STDe DEV. ARE o _ L ; o
«b6S51E*0G0. O O 0. C. _0e _ . O _ O _ [+ 1Y Qe - Oe Qe O . «229E~0:
_‘-.2225'01(). Ca Oe O B . [+ o .00 T "00' ) --_- Oe T O ) - 00' —‘.M 00- OQA ___00 —__
RESIDUAL MEAN IS o81450E-1% B o N : . )
SIGMA 5Q OF RESIDUAL IS  .T9732E-04 _ o
— MAXIKUM F VALUE IS  o539E+09 FOR VARIABLE 3~ 77 TTTTToommrms ammemee s o T
VARTABLES IN REGRESSION 1 ¢ 1 © O © © © ©O0. 0 ¢ o0 o0 _0 Tl L X .
PARTIAL F VALUE FOR VARIABLE 1 IS  .118E+11 . . . e - -
PAPTIAL F VALUE FOR VARIABLE 3 IS 5465409 T I - - o .
VARTA3ZLES IN PEGRESSICN 1 0 1 o] 0 ¢ 0o 0 o 0 e o o Q¢ e .
PARTLAL F VALUE FCR VARIAPLE 1 IS  .118€#1y  _ "~~~ — "~~~ — e e —_——— e -
PAPTIAL F VALUE FOR VARIABLE 3 IS  o545E+09 _ L . - )
PERCENT VARIATION EXPLAINED IS 100.00 _ - . e I R
'STD. DEVIATION OF RESIDUALS IS  .382E-06 N _- e . . .
TATAL F VALUE IS +59773E+10 X _ e e -
NEW PARAMETER ESTIMATES AND STD. DEVe ARE 7 . . , L o
__eTCGUE40CO, «5CCE-010, Ce O . O0e . 0Oe_.___ _ 04 .0 . 0e 06 ___ O __._._ 0O« «630E~04
 e510E-050. e2C3E~C%0. 0. 0, Oe 0. 0e 0. " 0e COe 0. 0.
RESIDUAL MEAN IS 4£99708-15 - N . - - o
SIGHA SO OF RESIDUAL IS  .58433E-11 T . . . L o n A -
' e o . o - L Q0.
_ - ) S e e _eoug.. e
5 - i T o . O, A
. _ o . N
- o e i e e e e e —— e —_— e i 1 o s e e — - ——— = e - eeme = e — e a4
- i i T JITES ;
e . - R . - e - VUV . 3 -~ Y ]
_ B} = m i
- .
<& i
T oo i i
L , !
: {
_



_. RUN 1 EQUATION 1 NPTS 43
TIME v ALPHA
__ +150CE+01 «3500E+02 ¢5374E~01
_ +1950E401 «3500E+C2 «6537E-01
. .2300E401 «3500E402 +6850E-01
L +2950E+01 +3500E+402 $517LE~-01
«44550E401 «3500E+402 _ #3553E-01
T .a7c0E+0l «35C0E+02 «4322E-01
 .a750£+01 «3500E+02 «5047E-01
. «4800t+C1 «350CE+02 «5722E-C1
~ +4850E401 «25C0E+02 «6341E-01
___ +40U0T+01 | 42500E4C2 +6857E-01
«545CE+01 «350CE+02 «6481E-01
 .5556T401 +3500E402 «57E80E~01
.. e55BCE+01 «3500E+02 vhGE1E-O01
.. «5£00E+01 «35CCE+C2 240REE~0L
_. . «T71COE+0O1 «35CCE+C2 «353CE-D1
. «712CE+01 «35C0E+02 2 4007E~01
U +TZOCE401  W35(CE4G2 W4635E-01
N L725084+01 «35C0OE+402 $481CE-01
_ «7300E+01 «35C0E+02 «5127€E-01
_ «735C2401 «3500£402 «5384£-01
— «T400E+01 +35CCE+02 05577E'°1
T 74508401 «3500E402 «57C2E-01
L W75CCE#C) «3500E4C2 «5757E-01
. eT55CEs0L «35C0E+02 #5735£~01
_ a7tcoge+01 «3500E4+02 $5646E-01
T Jresesecl «35C0E+02 $54765=01
... e1700E+0l] «3500E+02 «5230E-01
. 47750E4+01 «35CCE+02 + 4906801
«7800E401 __ «3500E+402 «4504E-01
T .7850E401 #3500E+02 2402¢E-01
. «9200E+01 +3500E+C2 «355%E~-01
T L9zs0Es 01 +3500E+02 »3824F~01
T «9300E+01 +35C0E+02 «4052E-01
o e935CE+01 «35CCE+02 «42GBE-01
____ -9400E+01 __ 435C0E+02 _ .4298£-01
T .eazoEs0l «35C0E+02 +84321E~01
T .8500E401 +35CUE+02 ©4272E~01
R e 955CE+U] «35CLE+C2 e4151E-01
_ «QECOE401 «35CCE+02 «3958E-01
. «965CE+01 «3ZC0E+02 «35691E-01
. elluccec2 +3500E4C€2 «3640E~01
i «110UZc+C2 «35CCE+02 ¢3772E-01
: «111CF+02 «3500E+02 «3B643E~-01
b——_—.‘ — - PP - P e ——————

o

. «Z2420Z+400

s 264TES0D
=e2173E400
~e3563E400

 «1953E4C0

2 1G19E4+00
+»1868E+00
«179EE+00
«1711E400
«1605E4C0

. =+1021E+0Q0

=e1293E+00
=e1561E400
=e15633E+00
«1209E4G0
012375400
»1153E+00
«1C52E400
«F469E-01
o8255E~01
¢ 6G29E-01
«3G935£-01
«22895-G1
«5478E-C2
~el275E-01
=+3164E-01
~e5114E-01

 =e7107E-01

-«9135£-01
2 8793E-C1
eT742E-01
e £554E~01
«5247F-01
«3833E-01
«2328E-01
2 T163E-C2

~+9791E~-02

~e273GE-01
=e45¢1£-01
o Z56CE-CL
«6322E-C1
«2984E-01

S S .

DELE
=+1732E+00

=41732E+00

~e35175E-01
-2 3884E-01
~e3984E-~01
~+3561£-01
~+3917E~-01
~e390C£E-D1
=e3E5€4E~01
~e¢3851E-C1
~e¢3614FE-01
~e¢3573E-01
~23524E~01
~e346°E£-01
~+3782E-01
~e3339E£-01
~+39CEE-01
~e¢3950€E~01
"'t399"E"01
=e4CQEE-O]

~+4039E-01

=e402RE-01
-+4028€-01
=-s4039E~01
~e4017E-01
~e4C06E~-01
=+«4028F-01
~e4006E~01
~e4017€-01
-24005E-01
~e3434E-01
-e3445E-01
=+33234E-01
-+33C0€-01
-+32€9E~-01
-«3322€-01
=e2243E-01
=e3232E-01
~e3266E-01
~+326¢LE-01
~e3%47€-01
=+35132£-01
=34 1E-01




APPENDIX 3

This appendix contains the output generated by PROGRAM STEP for

example |.
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RT =
FCRT =

ITRIMOP =

0:.C»

SES0Y, S o _ L

IPSKP = 10, e o T T e e I ]
CATOP e Oy T L ' o ' 3
IACELOP = C) e . o )
IFILOP = C» U .
SEND L e
TRIM VALUES L . :
o ALPHT BETT AILT DELET DELRT ] ) .
e «2095CE+00 Oe - 0e | =4831B0E=01 O, R ) I
A - - SR . - _ ;
T e s 'gvc*' T T Sl

_———— - - - - - a - -
T - - ) ) - 1 T o - o
e e s T e s e oS - - - - :
T O>» T
- - S BT - ;
- S e T T T e e
—— - - - . - - . o
o ~ - N el - S - _— e B
>0 ]
—m i
- .q — "
e S . - i o
- - ;



o7

NPyt T T T T - e e
IPRESOP e Of ) o )

TS e, T L

NEQ = 3, T T T T LT _ el A

IEN = 1, 2"3)'ff:fffffffff:ff;—:u‘_—"T—:—ff"—f—flf:f T T T T
Nets~ - &3, - T T T e
IPLOT = 1, T S T B ’
IFLAG = 1, o N
SAREA = .1374E402, i - - - Tt o e
BSPAN  ® ,998E+01, oo T T oo oo . — )
CBAR ___ = 214E+01, T LT T T T T T T LT
M T e L103%E+04, - - T - T oo T
RMO T = 41C272F+01, I T T T T T T .
6 = 49B81E+0l, f' o . T T . ) )
IX | = L2357E+04s T T T T
Ty 07T Teo3em1Ee08, 0 T T U -
IT T = W4B33E404, S T
Ix2TT T m W177€403, T - T T o L 7f"“71,ﬁ' oo T
fOELET = -.8318E~01, O
ALPHT = .2095E+00, B o L o L o

BETT = 0.0, o o L T T T T T L

DELAT = D.0» i T i ST T T rm m e
DELRT  » 0.0

a7 . .0y i o T B B

LB1 = 0.0y o




APPENDIX 2

This appendix contains the NAMELIST/INPUT/ for example 1.

48



t

!, -

T

e T S e s e e ]
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7 SUBRDUTINE PSET 74/74  OPTe} FTN 4.84528 82/10/28. 07.41,22 PAGE 1
S S SUBRDUTINE PSET _ N

- COMMON/FLAGS/ IPSKP,NPTS,IDIM, JDIM,NMAX, XHIN, ICNT(25), I0RD(25) ;

T * »IPPTS,ITRINCP, ICALL :
A B COMMON/START/ X(235,500) s XXSUM(25,25) s XSUM{25),XBAR(251,SIGHA(25) )

"""" 3 . CCMMON /ORDER/ IEQ,N )

o o DIMENSION ITENMP(500),XTEX(5C0] .

. IRAN=O -

————— — - c - -
T ) _ € SET INDEX FDR SELECTED DATA PTS N o ) i i
- .t A e S ~ T
- S ¢ J 4§17 o 3 e - _'
- - D0 5 J=1,NPTS,I0SKP A e o i

o _ IPPTS=IPPTS+i i . . T ) = o

- ' Jp=y N _ ) A

} 15 . IF(IRAR oEQe 1) JP=RANDOM(J)#NPTS , o . i :

i IF({JP +EOe¢ ©) JP=l . . L _ _ i B

- ITEMP(IPPTS)=JP i i i

= 5 CCMTINUE :
T T T DG 1C Is1sN o o s oo
- T200 D0 20 J=1,1PPTS ] et i e e i T :

o XTEM(J ) aX (I, ITEMP(J)) ~ e o ~ )

o ) 20 COMTINUE ; o e ) - ) 3 Tl

o ) 00 30 J=1,1PPTS _ _ L i ) i B i

T B X(I,J)eXTEM{Y) R T o o ~ . )
- 25 . _ 30 CCOHTINUE e . . e e
- i 10 CONTINUE ) o . o T T ) 1
T DO 4C X=1,625 . , ) b
T o ) XYSUM(K)=0,0 i o - a T )

T . . 40 COMTINUE , ) o )
-1 D0 50 II=1,N o L } ) i el i R
_ DO 5¢ I=1,N e e ,—,,,——— o .
- T PO 50 Je1,IPPTS . B
T i AXSUMCISIT)=XXSUMEI,IT)4X(X,J)%X(IL,J) o ) L o
T . 50 CONTINUE o o B} _ N ) ) i )
. .. 3% ) ¢ i
- T REDEFINE JDIM FOR REDUCED # DF DATA PTS . L = T o i i o
C :
- _ JDIMs254IPPYS T/ - T T
o L RETURN . e - o N
7 40 END o o
{
i
. - i
: . ]
| S i



T SUBROUTINE REDEF  74/74  OPTex T T T

SUBROUTINE REDEF

T OFTN 4484528 77 82/10/28. 07441.22

COMMON/FLAGS/ IPSKPsNPTS,IDIM»JOINSNMAX, IMIN,ICNT(25), IORDI23)

TUpAGE

=Y

. 3 . »IPPTS, ITRINOP, ICALL
T COMMONZSTART/ X(25,5000s XXSUM(25,25) »XSURL25), XBAR{25),SIGHA(25)
o s . COMMON/AGP/ A(25,525)50(500), PPRT(25),PRSMIN , S .
- - ) COMMON /ORDER/ TEQ,N i .
C ———
- T ¢ INITIALIZE A,Q,I0R0 oo i}
¢
T o - NPLaN#1 i ) i L } _
e _ D0 .1CO I=1,N ) ~ e B
T T 00 1C0 J=1,N ) S - T __ i
K R IeXXSUMGL, Y T e e T _ L
- 100 CONTINUE ol . _ .- ¢
~ 15 DC 110 I=1sN ) ST T T B o :
e _ K=0 I o e R _ e
T i ) 00 110 J=NP1,dDIN T momonmmmmenmm e i T i f
R A Ks¥ +]1 I e - R o B :
wn i AIsd)=X(Iyk) o I e e 3 _ e ‘
T 200 7 110 CONTINUE T e e T oo !
T _ 00 120 Is1,IPPTS T T T T T S
T 0(1)=0.0 L e e e T T T T o ~ - A
T "7 120 CONTINUE T T T T ) i __ - - !
T B 130 CCNTINUE T T T T T T ) -
25 00 140 Is1,N e ~ T T i o
T B I0RD(I)=I T T T T T T N ) "1
- 140 CONTINUE o , ] o T 1
_— R RETURN : e T U e o
— . e END e e e — . i
i _ e e _ —_—— - e R, - T P, - - e d
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7 1 SUBRODUTINE INTRCHG{ICHG,JCHG? - o S ) N -
— ) COMMON/ZAQP/ A{25,525),Q(500),PPRT{25),PRSHIN ‘ ) ;
T . COMMON/FLAGS/ IPSKP,NPTS,I0IM,JOIM,NMAX, IMIN,TCNT(25),I0RD(25) ) o

o . s TPPTS»ITRINOP,ICALL>TACELOP, IFILOP i ) ) _ o o . o
_ 5 T T T DIMENSIDN ARDW(525),ACOL{251,BROW(525),8C0L(25) - ) S T .

o _ € INTERCHAMGE ROWS AND COLUXNS OF MATRIX A i e
T . DD 10 JalsJDIM T o S

100 T T T ARDNI Y =ALICHG, I L e _ ) .
BROWIJ ) =A{JCHG, J) , L o .

. o A(ICHG,J)=BRON(J) R CooTT , ‘ o -
L URGJCHG,JISARDWCI) T T o
... _..10 CCNTINUE o : ) . L L . L o
15 T U0 2C I=1,1DIM T T

< ACDLLI)=A{I,ICHG) , e L . ,
: S .. BCOLEII=ALI,JCHG) L L Ll ‘e . -

T o AtI,ICHG)eRCOLLIY L , ) - P
AT JCHGY=ACOLCI) o o - U

- 20 20 CONTINUE o o T e - B :

T R INTERCHANGE ROWS OF IORD L o o T e

IRCKW=INRDUIICHG) o S S T

3 _ JPDWeIOPDILJCHGY e e
— I0RD(JCHG)=IROW T T T R - ) o
T ICROCICHGI=JRON T Tt o !

END ; .. S
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o i 250 CONTINUE o o . i o
U - ¢ e R - _ . 3 . - -
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C.. - e e e A e . i
1) DC 400 I«1,1PPTS T i ) _ o
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T SUBROUTINE UPDATE  74/74  DPT=1

*

210

. 100

. 225

250
200

300

TTETN 4.8+%28 7T 82/10/28. 07.841.22 T PAGE - 1

SUBRDUTINE UPDATE L

COMMON/ZFLAGS/ IPSKPoNPTS,IDIM,JDIMNMAX, IMINS,ICNT(25},I0RD(25) i . !
»IPPTS,ITRIMNDP, ICALL, TACELOP,IFILOP

CONMON/AOP? A{2%:52%),0(5001), PPRT(23),PRSMIN . o . X i N

COMMON /ORDER/ IEO,N : . . R . . I, IR P

DIMENSICN AP(25,525) . . - . L ..

UPDATE A& MATRIX (=APR} USED IN PRESS CALC

NM1=N-1 $NPleN+1 T T e s
CALL REDEF o . ) .

K¥=Q . . O
00 10 II=1,NM1 , R, R ——e . . e
IF(ICNTIII)EQ.0) GO TO 10 P . S,
KKeKk4] . . L L L o e . . o ) A N
IDEF=KK L SR

DO 210 LL=1,NM) L ol : . .
IFCICRD(LL) o EQLITY Kell . . . _— . R . e e R
CONTIMUE L L e e
CALL INTRCHGU{IDEFsK) o . e e o L .
K=1DEF . e . R e e
DO 100 Ie1,IDIM e e . T, o e R
DO 100 J=1,JDIM L o - . _
AP({I,1)=A(1,J) )

CONTINUE

00 2C0 IsX,N . e e L e e U
DO 200 J=KsJDIM o . o L . ) L
IF(1.EQ.¥) GO TO 225 _ T, R SR s
AP (T, 0 =AlT,0)={AIK, D)®AIKS 3D I/ ALKLK) I e I o . .
G0 TO 200 e _;
COMTINUE . S o _ . e
IF{J.EQ.K) GO TO 250 U I o
AP(I»J)=A(IsJ)/SORT(A(K,K)) i S . ..
6C TD 200 o T, I S
CONTINUF L ) - ) . - oo - ) R
AP{I,J)=SQRTIA(K,K)) L e e R
CONTINUE L - e e e e e e
DC 3CO Ie1,N

R

DO 300 JeI,N T T L s
ACTI,J)=AP(1,3) , . . . .
Ay 1)=a(1,3) . i

CONTINUE
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o SUBROUTINE PRESS A . L I
COMMON/FLAGS / xpsxP.NPrs,mxmJoxn,mn,xm,xcnnzs),mao(zs: o , ,

T i . »IPPTS, ITRIMOP, ICALL, TACELOPW IFILOP
T T T COMMON/START/ X(25,5001,XXSUME25,25),XSUN(25), XBAR(25),SIGMA(25) T T
T T T COMMON/AGP/ AL25,525)50(500)5PORT(25), PRSMIN T oo
T i i  COMNMON /ORDER/ IEQ,N o T T T
 NM1=N-] T
i IDEF =0 s e
N T IrINsO . : o o T D
T 16 T T PRSMINw1.ECL o U U
T T DO 10 I=1,NN1L » , o LT T T
T T IDEF=IDEFSICNTU(I) , ] T T T ST
.10 COMTINUE e e e = e e e e e e s m e

c :
s T T e INITIALIZE A,Q IORD IF IDEF=0 ) i i B T :
T < ] ] - : ) ]
T e IF(IDEF «GTo 0) GO TO 130 . ~ o i
T T CALL REDEF ) ) ST _ i
; 130 CONTINUE T T ) i
1 P - _ T T T i
T ¢ COMPUTE PRESS (=PRSMIN) FOR VARIABLES NOT YET IN MODEL ) - R i

¢

00 200 II=1,NM1 ' CoT T o LT T

L o IF(ICNT(II).EQ.1) GO TO 200 L T ) ;

25 o DO 210 LiLs1,NM1 o e e e L
o - IF(ICRDILL)SEQ.TT) Kell T T T - !
- "~ 210 CCNTINUE _ . S o o ) o , 1
e e - PRS =040 e el e i e e
T ‘pn 250 1=1,IPPTS L T ) - -
30 PNUMaA (K, K)#A (N, T4N)=ALK, NI®AL{K,N+T) . L . ) .

) PONMeA(K,KI*{1.~0(1})~ ~(A(KsNAD)I* ALK, N+I) ) o _ o R

o - PRS=PRS+ (PNUMSPNUM) 7 (PDNN*PDNM) ) L ST )
ST 250 CCMTINUE . e U } g
R T WRITE(6,8C0) PRS,II L o !
} -1 800 FORFAT(5X,¢PRESSe *E125,5Xs *FOR VARIABLE®,IS5) - T ] o _

PPRY(TT)=PRS

T ] IF(PPSMIN LLT. PRS) GO TO 200 o _ .
T PREMINSPRS o E o =
— e .. IFINeI] : e e e e e ,é
T T 0 200 CONTINUE o T L e

RETUPN o S , ,Jgfgbég
ENC . . o - . e e e f"ﬁﬁ
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PROGRAM STEPSPL

VARIABLES =
10074 LINCNT
10063 LINMAX
10100 _LiNOP
10075 M1
3 0H
10073 MaXLAG
1 N
10054 NEQ
__...10065 NGO
16107 NMAX
10067 NM1
0 NPTS
10126 _NPT2 _
10072 N2
10070 N2M1
TTT4234 P
5214 PDOT
...10104 _ PHI
S .20 Pt
T _..10122 PVAR
16040 Q
7020 apor
I YA )
17644 R
10624 RDOT
4 RHO
10127 RR
e URE
47451 S

. _REAL

SN TYPE

INTEGER
INTEGER
INTEGER

INTEGER
REAL

INTEGER
INTEGER

INTEGER
_ INTEGER
INTEGER
INTEGER

"INTEGER
~ INTEGER
* INTEGER

INTEGER

"REAL

REAL
__REAL

REAL

.._REAL.

REAL
REAL
.- REAL
REAL
REAL

REAL

REAL
REAL

73/74

UpT=1

RELOCATION

" ARRAY

ARRAY

ACCEL

REFS
REFS
REFS
237
REFS
REFS
REFS
REFS
2%69
93
2%¢124
2%192
234
REFS
REFS
REFS
REES
166
REFS
94
REFS
DEFINED
REFS
1T
REFS
REFS
. _REES
DEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
65
REFS
109
REFS
REFS
DEFINED

ACDATA

ORDER

ACCEL

ACDATA

ACCEL
ACCEL
ACDATA
ACCEL
ACLEL
ACDATA

ACUATA

236
127
127

128

99

FIN 4484552

237
234
135

JEFINED
10
221
50
ul
98
2%138

4%196

DEFINED
40
ld6
JEFINED
78
209
18
99
225

144
DEFINED
3%54
62
136
143
18
DEFINED
2% 62
54
18
3%54
62
18

17

i8
102

VEFINED
237
i40

65
143

DEFINED
194
2% 65

DEFINED
62
65
50

107

DEFINED
106

85/35/02.

71
DEFINED
168

127

50

DEFINED

54

84

105

2¥173
2%¥211 |

37

DEFINED
103
217

58
113

DEFINED

151
65
161

25

25
196

13.03.,28

234
36
DEF INED

234
52
70
60
86

108

3I*175
. 213

41
114
DEF INED
70
215
222

152

163

54

UEFINED

2%203

PAGL

236
3
73

238
1%

62

110
2%186

216
138
155

88
221

170

196

€0

106

204

9

65
3*%116

190
2%221

159

91
222

171

62

107



PROGRAM STEPSPL

205¢ OuTPUT FMT

3130 TAPEL T
0 TAPES NAME
_ 2054 TAPE6 _ NAME

VARIABLES SN _TYPE
0 SAREA REAL
....10123 SORES ___ REAL
111460 SIGMA REAL
10116 SSOR REAL
10120 SSREG ___ REAL
52671 STODER REAL
10125 SuM REAL
10105 sy * REAL
40431 T REAL
..10060 TOL REAL
10053 1S REAL
52621 V REAL
12230 VEL RE AL
10106 VMAX _ _  REAL
53011 W REAL
0 X REAL
TTT111410  XBAR T REAL
53143 XLAG REAL
10117 XNSDR REAL
"10121 XMSSREG  REAL
__0 _xnoT _REAL _

T 45645 XNU REAL
111340 xsuM REAL
.. 106240 XXSUM- __  REAL .
42235 Y REAL
— 4041 YHAT REAL

FILE NAMES “MODE
0 INPUT

opT=1
_KELOCATION . _______
ACDATA REFS
' 65
: , REFS
ARRAY START REFS
REFS
R — REES
ARRAY REFS
REFS
o DEF INED
ARRAY REFS
REFS
e REFS
ARRAY _ REFS
ARRAY ACCEL REFS
ARRAY REFS
ARRAY START REFS
o ... _ .. . DEFINED
ARRAY START REFS
DEF INED
AKRAY REFS
REFS
REFS
ARRAY KNOT REFS
ARRAY REFS
ARR AY START REFS
ARRAY START . . _ REFS
ARRAY REFS
DEF INED
ARR AY ) .. .REFS
JEFINED
WRITES 35
i 199 212
KEADS 30
WRITES 3z

73/74

REES ...

198

216

138
213

FTN 4,8+4552

18

204
2%106
194
VEFINLD
214
211

43
134
43
125
2%50
134
221
43
52
95
95
229

DEFINED

DEFINED
34
221
92
89
43
52
218
218

139
214

50

DEF INED

111
DEFINED
. 193
vEF INEV
DEF INED

223
DEF INED
126

2% 52
2%136
229

2% 89

54

96

96
DEFINED
192
193
DEFINED
227

2% 99

99

219

54

. 219,

155

52

196
116
192

204
208

225
27

DEFINED

2% 54
138

92
60
210

15

.29
DEFINED
DEFINED

. 221
221
60

221

162

85405702+ 13.03.28

54
DEFINED
206
210
227
12¢
2460
DEFINED.
95

.62
211

© 219
83

DEFINED

223
62
225

169

PAGE

6u

102

2%62
121

218
65

92
85

65

195

10

62

i1l

2%65
126.

89

197



PROGRAM 3TFPSPL 73774  ppT=1
_ EXTERNALS TYPL  ARGS RLFERENCES
AUTO 7 221
CALPLT 3 257
[ DATASET ) 4 43
€0+ RE AL 1 31
INFOPLT 20 223 225
e _ _PStuDnD 0 26.
SQRT REAL 1 LIBRARY 102 111
INLINE FUNCTIONS TYPE  ARGS DEF LINE REFERENCES
FLOAT REAL 1 INTRIN 111
IF IX INTEGER 1 INTRIN 34
NAMELISTS DEF LINE RELFEKENCES
INPUT 18 3u 32
STATEMENT LABELS DEF LINE REFERENCES
0 30 34 33
049 29 28
0 50 85 82 84
0 51 77 76
e @52 - 79 78
0 53 81 80
0 100 89 86 87
e 0101 92 90 91
- 0 200 95 94
0 201 96 93
.0 202 _ ___ __. 100 .97 98
v 203 102 101
N 0 204 107 103 105
. .. ..20. 205 _ - 109, . 108, . -
o 206 75 74
0 210 112 110
0 250 INACTIVE 123 122
0 260 INACTIVE 126 125
6734 300 127 12 123
0 301 . 115 114
T 310 INACTIVE 129 128
6717 320 122 130
6744 330 _ 131 128 .
7D 400 INACTIVE 141 140
7017 401 15¢ 144 145

FIN 4,8455¢2

227 229

116 196 223
88

125

148

85/705/02.

204

13,03.2¢

PAGE
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PROGRAM STEPSPL

~. STATEMENT LABELS

7014 402
0 410
ST .2 & §
0 418
7070 419
i .. 0420
0 421
0 426
132 427 . _
7135 428
7157 429
7041 430
7163 431
0 439
oo BI51 443
6762 444
7246 448
.. 7250 449 |
. 6714 450
0 451
e Q400
0 461
7342 470
6352 800 B
0 801
6325 802
6333 803
< 6347. B804
w 6427 805
6424 806 . ___
. .0 807
6373 808
... b4l0 809
7732 950 FMT
7741 951 FMT
1746 952  _FMT
7755 953 FMT
7762 954 FMT
. 1770 955 EMT
TTT10013 0 956 EMT
7713 957 FMT

__q116 95 FAT

OLF LINE

INACTIVE
INACTIVE

INACTIVE
INACTIVE

INACTIVE

73174

149
lo1l
153
164
163
168
169
179

113

176
180

153 .

184
191
136
139
206
207
121
210
219
218
231
58
20
52
54
56
68
a7
60
b2
.63
240
241

242,

243
244

243

249
200
246

0PT=1

REFERENCES
146
160
151

159
167 .
168
177
172
170
166
183
157
190
. A3%
137
202
201
235
209
215
217
220
47
49
49
49
48
57
58
59
%9
.29
139
155
162
169
195
7.
213
199
212

152

160

178

171
167

158

205
239

51

61

214

FIN 4.8+552 £5705/02.

174

168 -

164

53

b4

13.03.28

PAGE
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Q
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>
L
-4
-5

SI 39vd TVNIDIHO

12



"TPROGRAM STEPSPL

__STATEMENT LABFLS

710004 959 FMT
1oot6 398 FMT
_ 7361  Li00D.
¢ 150C INACTLIVE
7361 1999
.9 ¢000 .. INACTIVE
10023 2001 FMT  NO R FS
7345 2111
o 1352  2il2 ,
0 2500 INACTIVE
7364 2501
6226 2502
072503 INACTIVE
. LOOPS LABEL  INDEX FROM
6233 49 11 28
6251 30 I 33
L.bebv i 35
6276 1000 L 40
6315 804 1 43
.. 6363 806 1. 28
6450 206 1 74
6456 51 I 76
6467 52 Y 78
6500 53 1 30
6505 50 I 52
o~ .. 6315 50 1T b4
"6523 100 I st
~ 6524 100 1 87
.. 6232 100 A 68
6547 101 11 90
6555 101 J 91
65064 201 1 93
6572 200 J 94
6603 202 I 97
6613 202 J 38
TTTTTE625 T 203 T 101
6635 204 1 103
6650 204 J 105
6664 205 1 108
6671 210 1 110
6703 301 t 114

73774 OPr=y

DEF LINE  PEFERENCES _ ___
247 35
250 138
252 40 232
253
251 135 140
135 134 -
254
234 135
236 233
255
257 31

L A - - N

32 31

=10 LENGTH. _ _PROPERTIES
29 5B INSTACK
36 43 INSTACK
3y . 4B B EXT
2v2 10668 EXT
56 348 orT
67 _ 438 _..gey
75 38 INSTACK
77 28 INSTACK
79 38 INSTACK
81 3 INSTACK
85 153 NOT
85 28 INSTACK
89 238 NOT
8y 208 NOT
89 38 INSTACK
92 148 NOT
92 38 INSTACK
96 168 o NUT
9y 30 INSTACK
100 218 NOT
100 58 INSTACK
102 78 EXT
107 238 " NDT
107 CT) LNSTACK
109 38 INSTACK
112 68 EXT
115 28 INSTACK

RPEFS
KEFS

INNER

INNER
INNER

INNER
INNER
INNER
REFS

INNER

RLFS

FTN 4484552

NUT INNER

35/05/02. 13.03.28

PAGE
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PROGRAM STEPSPL 13/74 CPTs} FTN 4.8¢552 85/05/02¢ 13403428 PAGE l¢

LOUPS  LABEL INDEX FROM-TYQ LENGTH PROPERTIES
6774 401 It 144 150 308 NOT INNER
7010 401 4 145 150 118 oPy
7025 411 12 151 i53 148 NOT INNER
7032 41l Jz 15z 153 3 INSTACK
7052 419 11 159 163 218 v EXT REFS
7075 429 I1 166 186 658 EXT REFS  NUT INNER
7110 428 II 170 176 328 NOT INNER
7126 428 4 171 176 11s oPT
7143 426 12 177 179 148 NOT INNER
7150 426 J2 178 179 33 INSTACK
7174 439 11 190 191 38 INSTACK
7226 449 I1 201 207 258 EXT REFS
7256 451 11 209 210 48 INSTACK
7302 460 11 215 219 228 NOT INNER
7313 46l J4 217 218 3 INSTACK
COMMON 8LOCKS  LENGTH MEMBERS = BIAS NAME(LENGTH)
START 37720 0 X (36000) 36000 XXSUM (1600) . 37600 XSUM  (40)
37640 XBAR (40} 37680 SIGMA (40} :
ACDATA 18 0 SAREA {1) 1 BSPAN (1) 2 CBAR (1)
3N (1) 4 RHU (1 5 6 ()
6 IX (1) 7 1Y (1) 8 I2 (1)
9 IXZ (1) 16 DELET (1) 11 ALPHT (1)
12 BETT (1) 13 DELAT (1) 14 DELRT (1)
15 QT (1) 16 PT tL) 17 RT 39
FLAGS 46 0 NPTS (1) 1 ICNT (40} 41 LATOP (1)
o 42 ITRIMODP (1) 43 ICALL (1) 44 LACELOP(1)
45 IFILOP (1)
> URDER 2 0 IEQ (1) 1N () _
_ACCeL . 9000 0 AX (900) 900 AY {900) 1800 AZ (900)
2700 PDOT  (90u) 3600 QDOT (900} 4500 RDOT (900}
5400 VEL 1900) 6300 P (900) 7200 Q 1900}
N ) 8100 R {(900)
KNOT 23 0 XNOT  (23)
= _ _EQUIV CLASSES ~ LENGTH MEMILRS = HIAS NAME(LENGTH)
A h241 0 RK (62+1)
STATISTICS
PROGRAM LENGTH 454578 19247
BUFFER LENGTH 56 708 3000

~CM LABELED COMMON LENGTH 1333318 46809



PROGRAM STiPSPL

__STATISTLICS
52000R €M USLD

73174

OPTe}

FTIN 4.8+552

85705702

13.03.28

PAGE
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SUBRDUTINE DATASET 73174 0PTe=} FTN 4.8+4552 05/05/702, 13.03,.,28

45

50

601 CONTINUE
CALL GETRAN{IRSINS2»RNyY1,Y2)
INmIN+ ]
T(I)= DATA(1)-TS
VEL(I}= DATA(2)
BETA(I)= DATA(}8)-BETT
ALPH({1 )= DATAL19)
P{I}= DATA{S)
Q{1)=DATA(6) +, CO3%RN
R{1)= DATA(T)
AX(1)=DATA{10}
AY(1)e DATA(LL)
AZ(1)= DATAL12)
DELA(I)= DATA(13)-DELAT
DFLR{I)= DATA{15)-DELRT
DELE(I)=DATA{Ll4)-DELET
PDOT(I)=DATA{16) $QDOT(I) =DATA(20) SRDOT(1)=DATAL(LTY)
15 CONTINUE .
IFCIACELOPEQeO) GO TO 46
CaLt SECDER{3535TsPsPOD,PTEMINPTSsPUSP3s a504 59 WRKL)WRKZs WRK3,
1WRK4,WRKSy WRKE)
CALL SECDER(3535T»QsQDDy QTEM)NPTS,POsP3s o550 55 WRKL)WRK2Z) WRK3,
1WKK4sWRK5» WRKE )
CALL SECDER(3)3:T:R)RDD:RTEH}NPTS)PO’P3)-5:.5;HKK1)HRK2:HRK3:
1IWRK4,WRK Sy WRK6 )
DO 45 I=1,NPTS )
POOT(I )=DERSP{(T(1)sT2PsNPTSs»PDD,PTEM)
QDOT(I)=DERSPUT(I)»T,QNPTS,QDD,QTEM)
RDOT(I)=DLRSP(T(I)»TsRsNPTS,RDI,RTEMN)
45 CONTINUE
46 CONTINUE
IF(LATOP.NEJ1) GO TU 803
DO B0V I=1,NPTS
X(1, 1) =Bt TALI)
X(2s1)eP (1)%B/ (2.%VEL(I))
X{351) =R (L }¥0/ (2, %VELLT))
Xt{4, 1) =DLLALL)
X{5,1)=DELR(I)
X{6s 1) =ALPH(1)*X(1s1])
XE7, 1) =ALPHII}*X(2,1)
X(8,1)ax(3,1)%ALPHII)
X(9s1)=0EL AL L)Y #ALPH(L)

PAGE
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08

T SUBRNUTINE DATASET 73/74  OPT=1

130

135

"145

155

‘160

169

801
804

It (ALPH( 1) «GE. XNOT(10))
IFCALPHU L) oGEL XNOT (100 )
IFCALPHUI) oGEe XNOT(11))
IF(ALPH({]) +GE« XNOT(11))
1F(ALPH( 1) oGLa XNOT(12))
IF(ALPHUI) «GLs XNOT(12))
IF(ALPH{I) +GEsXNUT(13))
IF{ALPH{I) oGE. XNOT(13))
IF(ALPHUI) aGE« XNOT (14}
IF{ALPHL 1) «GE, XNOT(14))
1F (ALPHU L) 4GE« XNOT (15))
IF (ALPH(I) (GE4 XNOT (15) )
IF(ALPH( 1) «GE. XNOT(16))}
IF(ALPHU 1) +GE XNOT (16} )
IF(ALPHUL) oGEL XNOT(17))
IF(ALPH{ 1) +GEL XNOT(17))
IF (ALPH{ 1) oGE« XNOT (7))
IF CALPH(I) oGEs XNOT(11))
CONTINUE

PRINT 964, 1D,1EQs NPTS

1IF(1CALL.GTel) GO TO 999

IF(LATOP.EQ.0) GO TO 50
PRINT 968

FIN 4.8+552

X{22,1)=ALPH (I )=-XNOT{10)
X(23s11=2X(2, 1)
X{ 245 1) =ALPH(I)=XNOT (11}
X{25s1)=X(2,1)
X{265 1} =ALPH(I)-XNOT (12)
X(27s12=X(2,1)
X(28s 1)mALPH(1)=-XNOT (13}
X129, 1)=X(2,1)
X{30s1)=ALPH(I)=-XNOT{14)
Xt31s1)=x(2,1)
X{32,1)=ALPH(1)-XNOT (L5}
Xt33,1)=xX{(2,1)
X{3451)eALPH(L)-XNOT(16)
X¢35,1)1=X{2, 1)
X{36sI)=ALPH{T)=-XNOT(17)
X{37,1)=2X{2, 1)
X{38,1)=X(3,1)
X{39,1)=X(3,1)

B85/35/02.

963 FORMAT (L1 Xs TXp* TIME*, 11X #VH,) 12X, ¥dETA¥ 11X ¥ Py 14Xp*R¥*y 11X,
1¥DELA*, 11X, % DELR*)
964 FORMAT(1H1»3Xs *RUN®, 155X, *EQUATION *p 125 5Xs ¥APTS*515,///)
PRINT 9625 (T(I)sVEL(I)sBETACE)},P{I)pR(1),DELACI)sDELR(II»I=1,NPTS)
Q62 FORMAT(7(2XsE12e%))
CALL INFOPLT(LsNPTSyTs1sDELASL1»0esDep04s04s0491,1HT,
14y 4HDELA 225 Te 25494755 « 15}
CALL INFOPLTU(LSNPTS,T)1sDELRS190e90esUerCesDarlylfTy
145 4HUE LR 9220 709549 e755 o 75}
60 TN 999
50 CONTINUE
PRINT 998
998 FORMAT (L Xy 7X,*TIME#, L1 Xp*V ¥, 11X, ¥ALPHA®, 11Xy *d*p laX, ¥0Deilt¥)
PRAINT 997, (TC(i)sVEL(L)sALPHLI)»Q(I)pDLLE(1)s 151y NPTS)
997 FORMAT(5(2Xst12.4))
CALL INFOPLT(LINPTSyTs loDtltrlsoUesrDes0erCoslosrlslHTy
14y 4HDELE 2225 Te 3549 4799 o 75}
GO TOQ 99%
3998 PRINT 9999

13.03,2¢8
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INE UATASLT 73/74  QPT=1
SN TYPE RELUCATILION
RF AL ACDATA
RE AL ARk AY
RE AL ACDATA
REAL ARRAY
REAL ACDATA
PEAL ACDATA
REAL ARKAY
INTEGER
INTFGER FLAGS
INTEGER FLAGS
INTEGER ARRAY FLAGS
INTEGER
INTEGER ORDER
INTEGER FLAGS
_ INTEGER
INTEGER
INTEGER ARFAY
. INTEGER . FLAGS.
INTEGER *UNDEF
RF AL ACDATA
_ REAL ACDATA
REAL ACDATA
REAL ACDATA
INTEGER
INTFGER
INTEGER
_INTEGER FLAGS
ReAL ACDATA
INTEGLR ORDER

SUBk0YT
_ VARIABLES
15 DELAT
10315 DELE
12 DELET
6511 DOLLR
i 16 DELRT
5 6
12265 HDR
12664 1
54 IACELOP
53  ICALL
1 ICNT
... 1260 Iv
0 ItQ
55 IFLLOP
_.1212 I1L
1262 IN
% 1273 Ik
- ..._22  LIxlNOP
12203  [UNITS
6 Ix
i Ixe
7 Iy
10 Iz
1263 4
T U257 T PTS
125 J2
) 51 LATUP
ER
1 N

12121  WAMES

INTEGLR *UNDLF

REFS
REFS
REFS
KEFS
DEFINED
REFS
KEFS
REFS
REFS
£3
2%70
_.3%x82
Qx40
3% 48
3*11l
3%116
3%127
3¥135
3%143
75
REFS
REFS
REFS
‘REFS
REFS
REFS
REES .
REFS
REFS
REES
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
KEFS
REFS
REFS
REFS _

FIN 4.8%552

3¢
106
36
80

36

DEFINED
47
59

2%76
3%84
3292
2%104
3%113
3%121
3%129
3%137
7%153
153
61
21

OEFINED
146

DEFINED
49
44
33

11
11l
11
11
41
JEFINED
DEFINED
74
11

56
163

45

57

28
48
56
3% 77
3% 85
3%G3
3#105
3*114
3%122
3%130
3%13b
5%163
163

147
24
107

DEFINED
DEFINED

85/05702.

DEFINED
165

DEFINED
153

DEFINED

49
57
3%78
4%86
3% 94
2¥1 06
3%115
3%123
3%¥131
3*139
171

28
2%28

DEFINED

13.03.2¢8

34

DEF INED
34

157

34

50

58
2¥79
4%87
3%95
108
3*116
3% 124
3%132
3%140
DEF INED

45

29

PAGE

58

51
3%59
2480
4%4b
3% 46

3109
3%#117
3%¥125
3%133
3#141

41

52
2%69
3*#81
4%89
2%97

3%110
3*113
3*%126
3%134
3*142
68



_ __VARIABLES
1261 NCH
0 NPTS
14234 P
TTTT12357 T BDD
5214 PDOT
.20 PT.
17573 PTEM
1270 PO
1271 P3|
18040 T G
_ 14163 Qub
7020 apot
17 QT
21377 QTEM
17646 R
_15767 _RoD
10624 RDOT
4 RHO
1265 RN
21 TRT
23203 RTEM
... .5
o T
0
w 0. T
12430 VEL
25007  WRK1
26613 WRK2
30417 WRK3
32223  WKRK4
734027 WRKS
35633  WRK6
90 X

SN

SUBROUTINF DATASET

TYPE
INTZGER
INTLGER

REAL

REAL
RE AL
REAL
REAL
REAL
RTAL
FEAL

. REAL

REAL
RTAL
REAL

REAL

REAL
RE AL
REAL

REAL

REAL
REAL

_REAL

REAL

REAL
KEAL

REAL
REAL
RE AL
REAL
Re AL
REAL
REAL

1317

ARRAY

ARRAY

CARRAY

ARRAY

ARRAY

ARRAY
ARKAY

ARRAY
ARRAY

o oPTELC

RELOCATION

FLAGS

ACCEL

ACCEL
ACDATA

ACCEL

ACDATA

ACCEL

ARRAY

ARPAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY
ARF AY
ARRAY
ARRAY

ARRAY

ACCEL
ACDATA

ACDATA

ACDATA
FoPo

FePo
ACCEL

FePo

REFS
REFS
68
155
REFS

DEFINCD

REFS
"~ REFS
REFS
REFS
REFS
~ REES
REFS
DEFINED
-REFS
REFS
REFS
REFS
REFS
VEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
153
REFS
REFS
UEFINED
REFS
REFS
REFS
REFS
REFS
REFS
REFS
89
99
124

FIN 4.8+¢552

41
22
7¢
163
62

62
DEFINED

.. b4
DEFINED

64
66

66
DEFINED

51
66

62
157
46
77

62
62
62
62

DEFINED
24
71
165
69

69
59

69
66
606
70

70
59

70
71

71
59

85/05/02. 13.03.28

DEFINED
77

69

105

70

78

71

62 64
103 146
24
153
163
153
2%69 2% 70
DEFINED 1
153 163
86 67
2%94 2%95
118 120
13¢ . 136

PAGE

66
153

2*71
46

88

122
138



o}
o~

VARIABLES SN TYPE RELUCATION
140
Tu
85
94
106
_ - 115
123
131
. 139
0 xnNOT RE AL ARRAY KNOT REFS
2*115%
e e _ - .. _2%123
2%131
2*13y
0 _Y  REAL _ARRAY  FeP._ _ _ REFS.
1266 Y1 * REAL REFS
1267 Y2 ¥ REAL REFS
FILE NAMES Mong
guTPUT FMT WRITES 36
e . L. 174 L
TAPE] UNFMT READS 29
_ EXTERNALS _TYPE ARGS  REFERENCES
DERSP REAL 6 69 70
EOF REAL 1 30 42
_ . .GEIRAN 6 44
INFOPLT 20 155 157
SECDER 17 62 b4
STATEMENT LABELS DEF LINE REFERENCES
0 15 60 40
_ .0 4 72 68
160 46 73 21 61
573 50 160 la8
0501 INACTIVE 27 o
TTTT23 52 29 31
0 600 INACTIVE 32 31
0 b0l INACTIVE . 43 42
45 602 36 33
0 800 100 75
0 801 144 103

SUBRUUTINE DATASCT

73174 uPT=1

124

132
140

44

146

41
71

165

FIN 4.,8+#552

149

85705102,

DEFINED
82
90
94

11l
119
127
135
143
2*111
2*119
2*127
2%1135
143

161

13.03428

83

99
112
120
128
138
144
112
120
128
136
144

163

PAGEL

76
-

166
113
121
129
137

2%113
2*%121
2¥129
2%137

168

8

77
85
93
105
114
122
130
138

114
122
130
138

171



o
w

SUBRDUTINE DATASET

_ STATEMENT LABFLS

223
532
0
1156
1133
1122
1205
1164
631
1072
0
.0
1235
624
1224
0
1213

LO0PS
50
136
171
224
241
544
600

COMMON

803
8u4
805
962
964
968

BLOCKS
ACDATA

FLAGS

ORDFR

ALCEL

73474 UPTel
DEF LINE REFERENCES
102 74
145 101
108 107
FMT 154 153
FMT 152 146
FMT 150 149
FMT 164 l63
FMT 162 161
176 147 159
FMT 37 36
INACTLIVE 31 30
~_ INACTIVE 174
FMT 175 174
171 30 42
FMT 172 171
INACTIVE 168
FMT 169 168
INDFX FRUM~TO LENGTH PROPERTICS
I 4«0 60 538
1 o8 T2 228
1 75 1ug 318 OPT
1 lu3 144 3068
111 107 108 28 INSTACK
1 153 1%3 178
I 163 163 148
LENGTH MEMBERS = BIAS NAME(LENGTH)
18 (VY (1)
IiM (1)
6 IX (1)
9 IxXZ (1)
- 12 B8ETT (1)
15 QT (1)
46 0 NPTS (1)
42 ITRIMOP(]1l)
45 LF1lLuP (1)
2 v IEQ (1)
1600 0 AX (900)
2740 PDOT {900)
540C VEL (309)
§10u R (303)

. 107

EXT
EXT

NOT

EXT
EXT

REFS
REFS

INNE

REFS
REFS

G

R

1

10
i3
16

43

00

3600
6309

FIN ©.8+55¢

170

EXITS

8
RHO

DELET
DELAT
PT
ICNTY
fCALL

AY
QbuT

895/705/02.
173

(1) 2
(1) 5
{1} 3
(1} 11
(1) 14
(1) 17
(40) 41
(1) 44
(il
(4900} 1800
(900) 4500
{5001} 7200

13.03.20

c 1)
) (1)
1z (1)
ALPHT (1)
DELRT (1)
RT (1)
LATOP (1)
LACELOP(L)

Al (300}
RDOT (900)
Q (300)

PAGL

40

ALl 190 d00d
Sl 39vd TYNIDINO

9
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SUbKBUTINE auTO 72/74 0PT=]

1 SUBROUTING AUTO(XsMAXLAG,NsWsYSQsYHAT,Y)
DIMENSIOH X{L),Wllls YHAT(1 ) YL}
ML AGML®MAXLAG-1
XSUM=0.  SXASUM=U.
DO 7 I=1,N
7 XSUMeXSUM+X(I)
XMEAN= XSUM /N
DO & I=1,N
. 8 X{1)eX{I)-XMEAN
i0 p0 12 I=1,N
12 XXSUM=XXSUMEXCTII*X(I)
PPINT 900, XMEAN, XXSUM
900 FOKMAT (1Xs *RESIDUAL MUAN IS*,E12455751%)
1*SIGMA SQ OF RESLDUALS IS%*,E12.5)

wn

_.0 15 R DB 2 K=1,MAXLAL
SUM=0, $WO=0,
NMKaN=K

00 L I=1sNMK
1 SUM=SUMEX(T)*X{I+K)
20 : 2 WiKk)=l,/(N=-K)*SUM
DO 3 I=1,N
3 Wo=Woe XU 1) %X (D)
WO=WO/N
o DO 9 1=1,MAXLAG
25 9 WI{MAXLAG#+2=-T1)=W{MAXLAG+1~-1)
W{l)=w0
DO 10 I=lsN |
1M XCLl=x(I)+XMEAN
Du 11 Iel,MAXLAG
230 - 11 Wlll=W(l)/ Wl
RE TURN
END

L8

SYMSOLIC REFECRENCEL MAP (K=3)

ENTRY POINTS DEF LINE REFIKENCES
3 AUTY 1 31

FIN 4.8+552

85705702

13.03.28

ALITYNO ¥00d 10
S! 39vd TVYNIDINO

PAGLE



SUBROUTINL AUTD

VARIABLES SN TYPE
153 1 INTEGER
155 K INTEGER
0  MAXLAG INTEGER
150 MLAGM1 * INTEGER
0 N TNTEGER
160 NMK INTEGLR
156 SUM REAL
I REAL
157 WO RE &L
) 00X "~ REAL
154  XMEAN REAL
151 XSUM REAL
152  XXSUM RE AL
. 0 _ Y . _ . REAL
0 YHAT REAL
0 YSQ REAL
TTTTFILE NAMES " TMODE
guTPUT FMT
T TSTATEMENT LARELS
P 0 1
® __ . Q.2 . .. _
o 3
o 7
. _0 8.
0o 9
0 10
——— 011 _
12
137 900 FMT

73774 0P Tal

RELOCATION

ARRAY

ARRAY

ARKAY
ARRAY
*UNUSED

DEF LINE

19
2y
22

6

9
25
ra]
30
11
13

FoePa

FePoa

F.P.
FePo
FaPo

WRITES

18
15
21

REFS
2*39
. 217
REFS
REFS
DEFINeD
DEFINED
REFS
23
REFS
REFS
REFS
26
REFS
23
REFS
DEFINED
REFS
REFS
REFS
REFS
REFS
DEFINLD

12

REFERENCES

6
VEFINED
29
17
3
1
3
5
27
18
19

30
22

—
NN O LY

FIN 4.8+552

2%9
5

19
15

7
DEFINED
JEFINED

20
25

23

6

9

12

7

12
JEFINED
DEFINED

2% 11

2% 20
24

8

1

17

DEF INED
30

26

9

28

28
DEFINED
OEF INED
1

1

85705702,
2¥19
10
VEFINED
2¥ 25
10
16
DEFINED
30
2%11
DEFINED

4
4

13,03.28

c*22
18

15

29

17

19

1

DEF INED
2%19

7

6
11

PAGE

2%25
21

20

20
le

2%22

2%28
24

21

25
22

28



T TSUBRGUTINE TauTa 73774 oPTesy T T T FTN 4.84552 85/095/02. 13.03,28 PAGE
____LOOPS LABEL  INDEX FRIM-TO  LENGTH _ PROPERTIES
15 7 I 5 6 36 INSTACK
27 8 1 8 9 33 INSTACK
. 36 12 1 1u 11 . 3o __ INSTACK
44 2 K 15 20 248 , NUT INNER
55 1 1 18 19 48 INSTACK
.73 .3 . 21 22 . 03B _ __ INSTACK
106 9 I 24 25 28 LNSTACK
116 10 1 27 28 38 INSTACK
126 11 1 29 30 38 _INSTACK
STATLSTICS
___PROGRAM LENGTH 1708 120 . .. .. e
530008 TH USeD
e R . . o
>,
e - e
o
Q
O
@ o
hd e
' ) L
—i
-<

SI 39vg TYNIDIYO
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SUBKDUTINEG FIL 73774 uPT=1 FIN 4.8+5L2

1 SUBKDNUTINE FIL(TH»PoNPTS)
DIMENS LON PFI5C0)»H{500)sP(500),T(500)sHOMEGA(500)
Pim3,16159 $F(®2,5 3rTe2,5] SwWCa2#p[%tC SWTa2*P1*FT
NMID=NPTS/2 $DT=.00
5 W2 (HT—WC) ¥ WT—-WC)
DU 3 I=1,NMID
K=]1
3 HOD) =PI/ (2*KADTIH{SINCWT*K 2D TI4SINCWCHKKRDT ) ) /{PI*PI-W2¥K*D ]
1¥K*0T)
v HO=FC+FT
NPML=NPTS-1
HNJRMa HO
DU 1 I=l,NMID
1 HNORM=HNOKM+H{ 1) %2,
15 DU 2 I=1,NMID
2 H{I)eH(1)/HNORN
HO=HU/HNORM
DO 5 I=2,NMID
IM1=I-4
20 Pi (1)=H3*P (1)
DO 51 J=1, IM1
S1 PRAUIYaPFLI M H(JI*X(PLL1+J)+P(1-J))
LD 52 J=1,NMID
PELL)=PF (I )+2%HIJ)*P (I +J)
CONTINUE
NP 2oeNM 1D +2
DB 4 1=NPZ2sNPM1
NPMI=NPTS~T
PF(1)=HO%*P (1)
30 DD 4] J=1,NPML
41 PRE(L)=PFIT)+HLJI*{PLI-J)+P(1+J})
NPMIPL=NPMI+]l
DO 42 J=NPMIPl,NMID
42 PFCI)=PF L1 )42%HIJ)*P(I=J)
35 4 CONTINUF
PE(L1)=HO*P (1) SPF(NPTS)=A0%PINPTS) 3PF(NMID+1)=aHO*P(NMIU+1)
DO 10 J=1,NMID
PFLL)=PF{1}+2*n{J)*P(1+J)
PHANMID+ 1) »P FUNMID+L)+H{J) *(PINMID+1+J)+P(NMIV+1-J))
49 10 PEINPTS)=PF{NPTS) «2*H(J)*P (NPTS-J)
DO 6 I=1,NPTS
6 PUl)ePF( 1)

wuoaN

25

85705702,

13.03,28

PAGE



SUBROUTIN: FIL 13/174 opPT=1

Rt TUKN
END

SYMBOLIC REFERENC. MAP (R=3)

ENTKY POINTS DEF LINE REFEKENCES
3 FIt 1 43
VARTABLES SN TYPE RELUCATION
237 0T REAL REFS
232 FC . . REAL . REFS
233 FT REAL REFS
1237 H REAL ARPAY REFS
. . 38
245 HNORM RE AL REFS
2223  HUMEGA REAL *JHDEF REFS
. 283 Hy __.. REAL REFS
JEFINED
2644 I INTEGER REFS
—— e ; .23
DEFINED
246 IMI INTEGER REFS
247 4. _ INTEGER . .. . —._._REES.
— o DEFLNED
w 242 K INTEGER REFS
M _236__NMID_ __ _INTEGER. . . . . . . . ._REFS__
2%36
251 NPMI INTEGER REFS
. 252 _ NPMIPL = INTEGER e . . .REFS
244 NPM1 INTEGER REFS
0 NPTS INTEGER FePo REFS
e e e o . ... DEFINgD
250 NP2 _ INTEGER KEFS
o P RE AL ARRAY FoP. REFS
e A e L. 3%36
T 253 Pk RE AL ARRAY KEFS
40

34

S*8

FIN 4.,84552

VEFINED
10
10
14
40
16

17

17

8

28

13
DEFINED
2% 24

23
DEFINED
.13
4%39

32
DEFINED
DEFINED
11

DEFINED

JEFINED
3¢

4
DEFINED
DEFINED
16
DEFINED
17

20

15
Uir INED
DEFINED
32
11
28

26
2* 22
49
24
20
39

85/05/702.

3

3

22

8
DEFINED

29

2%16
4% 31
18

2% 34
33

18
4
28

2% 36

24
DEF INED
31
22
40

13.03.28

24
16
12
3%36
i9
3%34
27

2%38
37

23

3%40

29

24

PAGE

31

14

2%20
2%42
41

3%39

26

34

4% 22

2%40

33

34

39
31



6

T SUsSROUTINE FIL

_VARIABLES SN
231 pl
o T
234 Wl
235 WY
240 w2
EXTERNALS
SIN
STATEMENT LASELS
0 1
0 2
0 3
0 4
0 5
0 b
0 10
0 41
0 42
0 51
0 52
LOOPS LABEL
22 3.
53 1
62 2
70 5
10l 51
114 92
126 &
140 4l
154 42
201 10
217 o

STATASTICS =~
PROGRAM LENGTH

52000R CM USED

TYPE

R™=AL
FEAL
REAL
FEAL
REAL

TYPL

REAL

INDFX

et G € G b G G ot Pt

73174

RELUCATION

ARRAY

ARGS
1 LIBRARY

UEF LINE

]
13
15
18
g s
23
27
30
33
37
41

14
16

2]
35
25
42

FE3IM-TO

GpT=1 FIN 4,84552
REES 2%3 3%8  UErINED
FofPe REFS 2 JEFINED 1
KEFS 2% 8 UEFINED
REFS 2%5 8 DEF INED
REFS 8 JEFINED 5
RLFERENCES
2*8
REFERENCCES
13
15
6
27
18
41
37
30
33
21
23
LENGTH PRUPERTIES
228 EXT REFS
3 INSTACK
3B INSTACK
338 NOT INNER
4 INSTACK
4 INSTACK
358 NOT INNER
45 INSTACK
48 INSTACK
11 oprT
28 INSTACK
1682

TB57U5/02e 13403.28

cl 79¥d TWNIDRO

ALITYND ¥0Od 10

PaGL
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‘56;

FUNCTION OFRSP

20

COOOOAOANO0O0O

OOOOOOOO0

2

1

73774  UPT=1 FTN 4.8+552
FUNLTION UERSP (XX»XaYs NsPsH)
FUNCTIUN DERSP
DiRSP 1S USED TO OSTAIN THE FIRST DERIVATIVE OF SPLINE
LURVE FITTEL DATA '
USAGE = i
X = DERSP(XXsX2YsNyPsyH)
NOTL - IF XX LESS THAN X{1) THEN DERSP - UXC1)/DY
IF XX GREATER THAN X(N) THEN DERSP = DX(N)/DY
CWHERE - L B
XX INDEPENDENT VARIARLE FUR WHICH INTLKPOLATED SLOPE

IS DEKSIRED

X N-DIMENSIONEu VECTOR OF INDEPEND:NT POINTS
Y N~DIMENSIONED VECTOR OF DEPENDENT POINTS
N NUMBER OF DATA POINTS
4 N=-DIMENSIONED VECTUR FROM UPDAT:
H (N-1)-OIMENSLIONEL VECTOR FROAM UPDATE
SUBKROUT INES CALLED -
NONE

DIMENS ION X(l):Y(l”P(l)pﬂ(l)

XP=XxX

IF(XXo LT oX{1)) GO TO 1

KsH=1

D0 ¢ 1=21sK

IF(XXeLToX{I+1l)) GO TO 3

CONTINUE

I=K

XP=X(N)

60 TO 3

XP=x{l}

I=1

F1=(X(If1)-XP)**2
a(XP=X{(1))#**2
F3-H(l)/3-

DERSP=((F3-F1/H{I))*P(1) + (F2/H{I)= F3)P(I+1)1 1 /2, +0Y{I41)-Y 1D}/

H{T)
RE TURN
END

85/0>/02.

DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCE
OSCF
DSCF
DSCF
OSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
LSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
DSCF
BSCF
OSCF

230
10
20
30
40
50
60
70
80
90

100

110

120

130

140

150

160

170

180

190

200

210

220

240

250

260

270

280

290

300

310

320

330

340

350

360

370

380

390

400

410

420

13.03.28

PAGE
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FUNSTION De2SP 73/74 DPT=y

TUSYMBOLIC RFFERENCE MAP (R=3)

.. ENTRY POLNTS DEF LINE KEF ERENCES
4 DERSP 1 41
. VARIABLES = 5N TYPE RELQCATION _ . . _. . ..
56 DcRSP RF AL JEF INED
62 FlL REAL REFS
63 F<Z REAL L REFS
64 3 REAL REFS
0 H REAL ARRAY FoPo REFS
IS, -Y S | . INTCGER e ReFS
DEFINED
60 K INTEGER REFS
e 9N o . INTEGER . _ FePs .. . RLFS _
-9 P REAL ARRAY FePo REFS
0 X RE AL ARRAY FePoe RCFS
U S e _DEFINED
57 Xp RE AL REFS
0 XX REAL FaPos REFS
- 0 Y . _REAL ARRAY FePo ... .. _. REFS .
STATEMENT LARELS DuF LINE REFERENCES
L.er 1 e 34 26
0 2 30 28
32 3 36 29 33
o LOOPS LasEL INDEX FRIN-TO LENGTH PROPERTIES
- 15 2 1 28 30 58 INSTACK
STATISTICS
PRUGRAM LENGTH 708 %6

520008 CM USED

39
39
39
2% 39

-
28
28

e
24
24

36

24

EXITS

FIN 484552

DEFINED
DEFINED
UEFINED
38
30
31
31
32
2% 3y
26

37
26
2%39

36
37
38
3% 39
7
35
DEF INED
DEFINED
DEFINED
29

DEFINED
29
DLF INED

857057102,

DEFINED
EX]

25
DEFINED
i

13.03.28

7%36

34 36

PAGE

2

37



56

10

15

20

25

30

40

OO0 OCOOODOCOOOOOCO

1

SURROUTLNE SECDER(LI,L2sX»

73174

BETA)

OPT=21

SUBROUTINE SECDER

NU

SECOLR IS USED wITd rUNCTION SPLINE TO PREFORM A SPLINE
IT 1S USED TO GENERATE P AND H,

CALL SECDER(LLISLZaXpYsPsHsNsPOIP3, XKL XK2,)AsBsCr0r)GAMMA,BETA)

DETERMINE THE END CONDITIONS AT X(i) AND X{N) TO B8E

FIN 4.8%552

YsPsHsNyPOSP3s XK1y XK<25As st sDs GAMMA,

Yi1)

YN)

XKL GREATEK THAN O

XK2 GR:-ATER THAN O

INTERPOLATLON,

USAGE =~

WHERE =

L1,L2

USEDe (SEE BELOW}

X N-DIMENSIUNED VECTOR 0OF INDEPENT POINTS
Y N=DIMENSIONED VECTOR OF DEPENDtNT POINTS
P N-DIMENSIONED VECTOR TO BE RETURNED
H (N-1)-DIMENSIONED VECTOR TO BE i TURNED
N NUMBER OF DATA POINTS

St CUND DERIVATIVES ARt GIVEN AT THE END POINTS

XK1 NOT USED

XK2 NOT USED

1F Ll=1 THEN _

PO SECOND DERIVATIVE AT X(1l),

IF L2=1 THEN ,

P3 SECOND DERIVATIVE AT X(N),

FIRST D.URIVATIVES ARE GIVEN AT THE END POINT

XK1 NOT USED

Xk2 NOT USED

IF L1=2 THEN

PO FIRST DERIVATIVE AT X(1),Y(1)
IF L2=2 THEN

P3 FIRST DEXIVATIVE AT X{(N)s Y(N)
INFORMATION ABQOUT THE CURVE IS KNUWN

PO NOT USED

P3 NOT USED

IF L1=3 THEN

XK1 Pe?(3,0) = XK1*¢P?'*(3,.),

IF L2=3 THEN

XK POV {3,N} = XK2%PV ¥ {3,N~-1),

A N-OIMENSIUNED WORK VELTOK

3 N-DIMENSIONED WORK VECTOR

% N=-D IMENSIONED WOKRK VECTOK

85/05/024
UPD 480
UPD 490
UPD 10
uPD 20
uPL 30
urD 40
urp 50
uPD 60
upp 70
PO 80
uPD 90
upPD 100
uPD 110
uPD 120
UPD - 130
UPD 140
uUPD 150
uPD 160
urD 170
UPD 180
UPD 190
uPD 200
uUPD 210
urpD 220
uPD 230
UPD 240
uPD 250
UPD 260
uPD 270
urpD 280
uPD 290
UPD 300
uPy 319
UPD 320
uPD 330
UPD 340
UPY 350
UPD 360
"UPY 370
UPD 380
UPD 390
UPD 400

PAGE



45

IO

50

60

10

73/74  UPT=1 FIN 4,84552 65105402,
) N~DIMENSIONED WOURK VECTOR uPD 410
BETA N-UIMENSIONED WORK VECTOR UPD 420
GAMMA  N-DIMENSIUNED JORK VECTOR UPD 430
UPD 440
SUBROUT INE> CALL - UPD 450
NONE UPD 460
UPD 470

DIMENS ION X(NJ}sY{N)sAUN}»3 (N),CUNIsD NI, GAMMAIN) »BETAIN),HINI»P(N)
K=N-1 upPD 510
DO 1 J=1,K uPD 520
HES =X (J+1)=X{ J) UPD 530
DO 2 J=2,k UPD 540
ALY = AGI=1)/HEI) UPD 550
BUJ) = 2% (H{J)4HII=1DI/HEI) UPD 560
Cltd) = 1, o . uUPb 570
DY = 6o/ RN FIYCI+LI=YUINIZHUI =YL =Y I=L))/HII=1)) UPD 580
IF(L1.EQ.2) GO TO 2v UPD 590
1F(L1.EQ43) 60 TO 10 UPD 600
B(l)=1, UPD 610
Cl1)=0, UPD 620
D(1)=PO UPD 630
60 TO 37 UPD 640
Bl1l)=ls UPD 650
Cl1)==xK1 UPD 660
D(1)=d, UPD 670
60 TO 30 UPD 680
B(1l)=H(1)/3s o uPD 690
Cll)=Hil) /6, uPD 700
D(1)e(Y(2)-Y(1))}/H(1)=-PO uUPL 710
IFfL2:EQe2) GU TO 20 uPD 720
IF(LZeEQ43) 6GNTO 11 upPD 730
A(N)sD, UPD 740
BIN)=1, UPD 750
DIN)=P3 UPD 760
60 TO &0 UPD 770
CAIND)==XK2 B uPD 780
BIN)=l, uPD 790
DIN)=0, UPD 8OV
.60 TO 40 R . _UPD 810
217 AN =H (K760 urD 820
BIN)=H{K}/3, uPD 830
DIN)=P 3= (Y (N)=Y(K) }/H(K) UPD 840

13.03,28
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SUBRDUTINE SECOFR 73/74  ULPT=1
B 40 BLTA(L)aB(1)
bAHMA(1)=U(1)/BETA(1)
DO & J=e2sh

BETALI)=B{J)-ALJI)*CLI- l)IBETA(J 1)
6 GAMMAL J) = (L(JI=ACJI*GAMMALJ~1))/BETA ()
90 PIN) = GAMMA(NY
DO 7 JaisK
M=N=J
7 PUM)=CAMMA(M)=C{M)*P(M+1}/BETA(M)
RETURN
95 END

SYM3OLIC KEFERENCE MAP (R=3)

ENTRY PUILNTS DEF LINF REFERENCES
3 SECDER 1 Y4
VARIABLES SN TYPE RLLOCATION
o A Rt AL ARRAY FoPo KEFS 50
- . L 78 82
0 B REAL ARKAY FePo REFS 50
65 69
0 BETA__ . . REAL ARRAY, FePo . . REES 5C
DEFINED 1
3 G C REAL ARRAY FePe REFS 50
N e o ) 66 70
0 D REAL ARKAY FoPo KEFS 50
67 71
0. GAMMA | REAL - ARKAY FePe REFS 50
av
o RIAL ARPAY FoPe REFS 50
. , , 62 83
201 4 TNTEGER KEFS 3%53
g2 DEF INED
200 K CIMTEGLR REFS 52
DEFINED 51
0 L1 INTCGER T FePa REFS 5¢
0 L2 TINTEGER F.P. ~ REFS 72

FTN 4.

-2

8%
75
86
35
88

86
76
89

2%55
84
3%55
52
54

60
73

8+552

89

88
79
88
88
73

39
80
90

3% 56
DEFINED
4% 56
54
82

DEFINED
OEF INED

8%105/02.

uPD 850
urD 860
uPD 870
urd 880
uPD 8990
uPd 900
uPd 910
upd 920
urPd 939
UPL 940
uPD 950

DEFINED

DEFINED
83
89

DEFINED

DEFINED
34
93

3%54
i
57
a7
83

1
i

13.€3.28

DEFINED
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5

n

57

56

T4

61

62
63
86
71

5%89



. _VARIABLES SN
- 202 M
v N
o °
N -
0 P3
0o X
. O XK1
0 Xkz
VI
T STATENENT (2A3ELS
0 1
—e 902
0 6
0o 7
.23 10
103 11
0. 20
k13 21
o 70 30
127 40
T T LO0PS TLABEL
15 1
.. .30 2 -
142 6
165 7

86

TSTATISTICS

SUBROUTINE StCOLK

TYPE
INTELER
INTEGER

REAL
REAL
REAL
REAL
REAL

" REAL

PROGRAM LENGTH

i
e el o

REAL

<z
o
(2l
>

_ 52000B CM USED

73774 OPT=1
Rt LUCATION
FoPo
ARRAY FePo
Flpiv
F.P.
AKRAY F.P.
FoPeo
FoPo
ARRAY FePo
" DEF LINE
53 52
58 . 54
89 87
93 91
65 60
78 73
69 59
82 72
72 64
85 77
FROM-TO LENGTH
52 53 38
b4 58 128
87 89 68
91 93 58
2128 138

REFS
REFS
80
DEF INED
REFS
REFS
REFS
REFS
REFS
REFS
REFS

'REFERENCES

68
81

PROPERTIES
INSTACK
oPY
INSTACK
INSTACK

5%G3
10% 50

FTN 4,B+55¢

DEFINED
51
83

93

71

B4
2¥53
DEFINED
DEFINED
4*58

92
74
2%84

DEF INED
DEFINED
VEF INED
DEFINED
1

1

2% 71

85705702,

87

b s

2% 84

13.03.28
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2%

90

DEF INED
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APPENDIX 6

This appendix contains the output generated by PROGRAM STEPSPL for

example 2.
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T3, =5764607523033%4399, -576460752303354398,

LS ™ 0Dy
NEQ = 1,
TEQN
__NPTS = 240,
1PLODT = 1,
IFLAG = 1,
__SAKEA__ = .1374E+025
BSPAN = ,998E+01,
TTBAR T s J14E+0L,
L = ,1055E+04)
RHO = ,10272E+01,
TR T 9B1E 401,
_IX = .2357E+04)
1y = .3051E+04,
T T R J4B33E+4 04,
Axzm <177E+03,
DELET = 0.0,
ALPAT  "=70.0,
BETT = 0,0, -
DEL AT = 0.0,
TDECRT = 0.0y
CLEN A
PT = 0.0,
RT 2 Ve
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no+3000T°
00+30046T°
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00+300%1°*
00+4300%1°
00430051
20+3004T°
00430041 °
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T0-30006°
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- 10-30006 *~
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00+#300%1°*~
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00430051~
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Z0+3006E"* 00+30068°
20+300¢6€" 00+30008°
20+3006¢€° 00+430062°
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20+3006¢€"* 00+430069°

.CO+3008€* ~~ 00+30009°
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20+300¢¢€* 00+30006°*
20+300¢¢* 00+3006%*
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0 10=-36245T°= on+39e82° 20+3¢0¢CE” 10+43069%°
‘0 20~-3e6L92° 00436942 ° 20+3006¢€° 10430095
‘0 £0~37902°~ 00+3A602° 20+100¢€° 10430565
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] 10-36622° 00+345902° 20+3006€"° 174306499 *
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MAXIMUM F VALUE IS

"VARIABLES IN REGRESSION
VARIABLES IN REGRFSSION

Q 0 1 0 0 Q M)
0 0 ] u 0 0 0

__PERCENT VARIATION EXPLAINED IS 59,49

STD, DEVIATION OF RESIDUALS IS

«T00E-CL

TOTAL F VALUE IS .34B01E+03
__NEW PARAMETER ESTIMATES AND STD. DEVe ARE

0. 0. -.2315*010. [ ol
0. 0. 0. 0. 0. Oe
0e 0. 0. 0. 0. 0.
0. O. . «124E+0060, 0. 0.
O U 0. 0, 0. ... 0
Qe 0. o. O [ 0.

RESIDUAL MEAN IS =-.46313€-15
. SIGMA SQ OF RESIDUALS IS L1l819E+401

" MAXIMUM F VALUE IS

VARIABLES IN REGKESSION
VARIABLES IN REGRESSION

VARIABLES IN REGRESSION

VARIABLES IN REGRESSION

PARTIAL F VALUE FOR VARIABLE 1 IS
__PARTIAL F VALUE_FOR VARTABLE 318

PARTIAL F VALUE FOR VARIABLE 1 IS
PARTIAL F VALUE FOR VARIABLE 3 IS

+b691E+03 FOR VARIABLE
1 0 1 0 0 0 el
G [V 4] o .0 __0 0
«688E+03
«109E+04
1 5 1 o6 ©0 0 0
0 0 0 0 0 0 0
» 688E+03
¢ 109E+04

PERCENT VARIATION EXPLAINED 1S 89.65

«349E+03 FUR VARIA3LE

— STD.

DEVIAT1ON OF RESIDUALS IS

Q. TOTAL F VALUE IS _«10225E+04 . L
NEW PARAMETER ESTIMATES AND STD. DEV. ARE

«358E-01

~-+105E+010. ~e209E+010, O 0,
pl et e 0’_ .. - _o. 0. ) 0' 0'
0. 0. o. 0. o, 0.
_._+398E-010, __ _  «623E-010. 0. 0.
0. 0. 0. 0. 0. 0.
Oe O O O, O. O

RESIDUAL MEAN IS 79735t-13

MAXI{MUM F VALJE IS

VARIABLES IN REGRFSSION
VARTABLES 1l FEGRESSINN

+301685E 400

« 5756402 FOR VARIABLE
1 1 1 0 C 9 0
o ¢ ¢ ] o D )
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" PARTIAL

F VALUE FOR VAPIABLE
PARTLIAL F VALUE FUR VARIABLE
PARTIAL F VALUE FODR VAK[ABLE
VARTABLES IN REGRFSSION 1
VARIABLES N REGRESSION O
PARTIAL F VALUE FDR VARIABLE

" PARTIAL F VALUE FOR VARIABLE

PARTIAL F VALUE FOR VAxIAGLE

0. On nl o.
Do _.. .. 0Oe . O Qs
e3S5TE~0L +T715E+00 .564F-010.
Do 0. 0. 0.
o. 0. 0. G.

__PARYIAL F VALUE FOR VARTABLE .

—

Qo

TOTAL F VALUE IS

STD, DEVIATION OF RESIDUALS IS

TOTAL F VALUE IS .B6327F+03

1

2
3
1

3

NEW PARAMETER ESTIMATES AND STu,

=e908L+00—40683F+01-4236E4010.

RESIDUAL MEAN IS .68295E-13
SIGMA SQ OF RESIDUALS IS

TTTTMAXGMUR F VALUE 1S
VARIABLES IN REGRESSION 1
VARIABLES IN REGRESSION 0

PARTIAL F VALUE FOR VARTABLE
PARTIAL F VALUE FNR VARIABLE

PARTIAL F VALUE FOR VARIABLE
VARIABLES IN REGRESSION 1

O VARIABLES IN REGRESSION O

PARTIAL F VALUE FOR VARIABLE
PARTIAL F VALUF FCOR VARLABLE
PARTIAL F VALUE FOR VARIABLE
PARTIAL F VALUE FOR VARIABLE

PERCENT VARIATION EXPLAINED IS

1S
15
15

1

0
15
1$
15

PERCENT VARIATION EXPLAINED IS _91.68
.321E-01

DEV.

«24271t 400

O
0.

Qo

L 496E+03
«5TIE402

«124E404__

0 0 Q
0 0 0
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e 573k 402
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ARE - __
0.
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B T
0.
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1
0

c N

2
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D WM -
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0. 00 L 0‘
0o 0. '0140500100
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@ W N e
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0
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SIGMA sq

VARLIABLES
VARIABLES
PARTIAL F
PARTIAL F
PARTIAL F
PARTIAL F
PARTIAL f
VARIABLES
VARIABLES
PARTIAL F

“PARTIAL #

PARTLAL F
PARTIAL F
PARTIAL F

PERCENT VARLATION EXPLAINED IS
STO., DEVIATION OF RESIDUALS IS

TOTAL F v

OF RESIDUALS IS

MAXIMUM ¢ VALUE IS
IN REGRESSION 1
IN REGRESSION 0
VALUE FOR VARIABLF
VALUE r0OR VARIABLE
VALUE FOR VARIABLE
VALUE FUR VARIABLE
VALUE FOR VARIABLE
IN REGRESSION 1
IN REGRESSION ¢
VALUE FOR VARIABLE
VALUE FOR VAPIABLE’
VALUE FOR VARIABLE
VALUE FDR VARIABLE
VALUE FOR VARIABLE

ALUE IS «95089E+03

¢ 1685054006

5540402 FUR VARIABLE

1
0

O e N e
[= ISR VU NI

DWW N

i
2

1
0
IS
1S
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1
0
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is
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0 0 v
'y 0 V]
« 215E403
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«103E+04¢
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0 0 Y
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«552E402
¢ 179E+03

‘95,33
+242€-01
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RESTDUAL M AN IS  .33002{-13
SIGMA SQ OF RESIDUALS IS L 1ORCBE+UO

... - MAXIMUM F vAaLut 1S «1953E402 FUOR VARLABLe 21
VARTABLES IN REGRESSION 1 1 1 0 o Q o] ’
VARLABLES IN RIGRESSION ¢ U Y 1 0 Y] 1 0

[
[N =]
(=]
o)
<
<
o
-

PARTIAL + VALUE FOR VARIABLE 1 IS « TO1E+Q2
PARTIAL F VALUE FOR VARIABLE 2 IS «175E403
PARTIAL  VALUE FOR VARIAGSLE 3 IS «102E404
PARTIAL & VALUE FOR. VARIABLE 15 IS « 3556402
PARTIAL F VALUE FDR VARTABLE 20 IS ¢« 168E+02
PARTIAL F VALUE FOR VARIABLE 21 IS +152E402
PARTIAL F VALUE FOR VARIABLE 28 IS  .336E+02 ]
PARTLAL + VALUE FOR VARIABLE 31 1S «59TE*G2
VARIABLES IN KEGRESSION 1 1 1 0 0 Q [+] 0 v 0 c J ¢ 0 1
VARIABLES IN REGRESSION 0 [¥] ¢ 1 Y Q 1 0 0 0 e 9 0 0 0
PARTIAL F VALUF FOR VARIABLE 1 IS » 701E 402
PARTIAL F VALUE FOR VARIABLE 2 IS «175E403
PARTIAL F VALUE FOR VARLABLE 3 1S + J02E+04
PARTLIAL F VALUE FOR VARIABLE 15 IS «355E #02
PARTIAL r VALUE FOR VARIABLE 20 IS « 16BE+02
PARTIAL F VALUE FDR VARIABLE 21 IS  +152£402
PARTLAL F VALUE FOR VARIABLE 28 IS «336E402
"PARTIAL F VALUE FOR VARIABLE 31 1S « 55TE+02
PERCENT VARIATIDN EXPLAINED 1S 96452 _
STD. DEVIATLION OF RESIDUALS IS «210E~uUl
TOTAL F VALUE IS +79856E+03
_NEW PARAMETER ESTIMATES AND STD. Dive ARE . - .
‘06305’00-01‘?35*02"2005*0100 [ C. 0. 0. 0. 0.
Ge O. O, [V ~e4b61lE+CU +600E+010. Oe O« : O
Q. e Qe . . _~s1l10E+01C0C. 0. . ~s110E4¢020. Oe Qs R ¢+ 1N
e233E-01 .46TE+00 .369E-010. 0. . 0. 0. Oe 0.
0. c o Oe _ 0. O 24 00E-01 4 642E4000, O, 0. Ce.
0. [V 08205‘0100 . Q. nlUbE“OlO. 0. Q. 00

RESIDUAL MEAN IS .33473E-13
SIGMA Su Uf RESIDUALS IS +1lULIBE+CC

THAXLMUM F VALUE IS . 100E+402 FOK VARIABLE 29

VARIABLES LN REGRFSSIAN 1 1 1 9 6 0 © 0 o0 o0 © 3 0 o 1
VAKIABLES IN KEGKESSION 0 ¢ ©0 1_1 2 L 6 o 0 o0 o 0 0 0

1s +« T0GE+02
Is «182t 403
IS «101E 404
1S « 3T4E 402

PARTIAL F VALUE FOR VARIABLE
PARTIAL F VALUE FOR VAR[ABLE
PARTIAL F VALUY FOR VARIABLE
PARTLIAL F VALUE +0R VAYIALLE L
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PARTIAL ¢ VALUF MR VARIABLE 2u IS  +207£+02

PARTLAL F VALUE FOUR VARTABLE 2. 15  +190E+02
_ PARTIAL F VALUE FOR VARIABLE 28 IS  .250E4(42 _ . }
PARTIAL F VALUE FOR VARIABLE 29 IS  +100£402

PARTIAL F valUt FOR VARIABLE 31 IS «771E+01

~ VARIABLES 1IN REGRESSION 1 1 i1 0 0 v 9 ©® 0 © © Y © 9© 1 o0 OO o o0 ¥ 1 o0 0o 0
VARIABLES IN REGRESSION 0 0 0 1 ! o 1 O ©0 0 G 9 O© 0
PARTIAL F VALUE fOR VARIABLE 115 L T09E+02
C PARTIAL F_ VALUE FDR VARIABLE 2 1Is »132E+403
PARTIAL F VALUE FOR VARIABLE 3 IS +101E404
PARTIAL F VALUE FOR VARIABLE 15 IS  .374E+02
PARTIAL F VALUE FOR VARLABLE 20 15 « 207E+02
PARTIAL F VALUE FOR VARIABLE 21 IS  +190E+02
PARTIAL F VALUE FOR VARIABLE 28 IS » 250E+402
__PARTIAL F VALUE FOR VAREABLE 29 IS  ,100E+02 _
TPARTIAL F VALUE FOR VARIABLE 31 IS ~ ,771E+01
PERCENT VARIATION EXPLAINEL IS 96,867
STD. DEVIATION OF RESIDUALS 1S +206E=01 -
TOTAL F VALUE IS .73873E+03
NEW PARAMETER ESTIMATES AND STD. DEVe ARE
~e425E+00~4143E402-4216E+0i0. 0O 0. 0. C. 0. 0. 0. 0. 0. 0. +952€+01
0. 0. 0. 0. -.506E+00 +664E+010. 0. 0. 0.
0. 0, -09615*00‘069‘05*0100 e 597E*010. O 0. O. O Oe O O -1095’00
v229E-0L <45BE+00 362E-0.0. Ce 0. 0. 0. 0. 0. 0. 0. 0, 0. +553E+00
0. 0- 0. Oe 03925-01 06305*000- Oe 0. O,
Qe Qe . «B04E-01 .904E+000. _«103E+010. G, 0. 0. 0. 0. 0. 0.
RESIDUAL MEAN IS .32614€£-13
SIGMA SO OF RESIDUALS IS +97141E-01
—
S o _.MAXINUM F VALUE IS  »610E+01 FOR VARIABL: 13
VARIABLES LN REGRESSION i 1 i1 0 0 v 0o o o ¢ o0 2 1 o0 ¥ o0 o 0 0o 1 i1 0 o0 o
VARIABLES IN REGRESSION 0 0o 0 1 1 0 1 0o 0 0 o0 v o 0 o

PARTIAL F_VALUE FOR VARIABLE 1 IS  +534E+02

PARTIAL F VALUE FOR VARIABLE 2 IS  +169L+03

PARTIAL F VALUE FOR VARIABLE 3 IS  +103E+04

PARTIAL F VALUE FOR VARIABLE 13 IS  +607E+Ul
TPARTIAL F VALUE FOR VARLABLE 15 1S .697€+01

PARTIAL F VALUE FOR VARIABLE 20 IS  .250E+02

PARTIAL F VALUE FOR VARIABLE 21 1S  +195E+02
TPARTIAL ¥ VALUE FOR VARIABLE 28 IS + 244E+02

PARTIAL F VALUE FNR VARIABLE 29 IS  +103E+02

PARTIAL # VALUE FDR VARIABLE 31 IS  +745E401 _ ) :
-~ VARJABLES IN PEGRESSION 1 1 1 o0 o o 9 o0 © © ¢ » 1 © 1 o o o0 o0 1 1 0 0 0

VARIABLES iN REGRESSION ¢ © ¢ 1 1 ¢ 1 0 0

PARTIAL F VALUE +OR VARIABLE 1 IS  .534E+02

PARTIAL F VALUF F('P VARIABLE 2 IS +169t 403



PARTIAL F VALUE FAR VARIABLE 3 IS

. 103E #04

PARTIAL F VALUF FOR VARIABLE 13 1S «6OTEHL

‘PARtlAL F_VALUE FOR VARJABLE 15 15 eOWTE®OL

"PARTIAL F VALUE i0R VARIABLE 20 IS  +250E+402

PARTIAL F VALUE FOR VARIABLE 21 IS  .195E+02

__PARTIAL F VALUS FOR VARIABLE 28 IS  .244E402 —

PARTIAL F VALUE §DR VARIABLE 29 IS  ,1U3E+02

PARTIAL F VALUE FOR VAKRIASBLE 31 1S  .785E401

__PERCENT VARIATION EXPLAINED IS 96e76 . _
TTST0. DEVIATIIN DF RESIDUALS IS +204E~01

TOTAL F VALUE IS 68020E+03

_ NEW PARAMETER ESTIMATES AND_ STO, DEVe ARE _. .

~e3B4E+00-.158E4D2-.216E+010. o. 0. 0.

0. 0. 0. Ue 56LE+00 «6656+010,
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APPENDIX 7

A

This appendix presents three optional forms for the wmodel structure
determination basis in SUBROUTINE DATASET. One Jlongitudinal option and two
lateral options are given.

The longitudinal option given here is an example of the second-order spline
which gives a smoother representation than the first or zeroth-~order spline.
The example here provides for a second-order spline in C, . When this basis
is used for the Cp equation, it provides a second-order spli%e for Cmq'
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-

: LONCIT&DINAL EQUATIONS: SECOND OPTION

-

an example for C,

Cz B Cz(a)B =q=8 =0 * Cz (@) qc/2v + Cz () 6e

e q Se

where

Cla) =C(0) +C +
YA Z Zu i

Cz(on)=cz +C, e+ C, 2
qa qa -
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o ORIGINAL PAGE. IS
C LONGITUDINAL EQUATIONS: SECOND OPTION OF POOR QUALITY

N

bR 906 ISl.NPYS L .- ) T
XC1, IV =AUPHLT) -
T TTXt2,1)eC/(2¢VELEI Y ROUDY _ T o
TX(3, 1V eDELELT)
D0 907 I11=4,39
907 X(II1,11=0, o ,
 TF(ALPH(T).GELXKNOT (1)) X (4, 1) aALPHII)=XKNCTLL)
XS, T)eX (2, 1)*ALPHIT) N
“IFUALPHII) . GEL XKNOT(2)) X{&p I1=ALPHII)=XKNOT(2)
X(TsI)aX(2, T)OALPH(T) A 2
TTF(ALPHII),GELXKNOT(3) K18, 1 ealPHIT Y =XKNET (3}
TIF(ALPHUI) W GELXKNOT (1) (9,10 s (ALPHTI=XXNCTUL) 102X (2, 1)
1F LALPHEI) o GEGXKNOT{4)) X(10, 1) sALPH(T)=XKNDT (4)
IF(ALPR{I).GEJXKNOT(3) x(11,x)-(ALPH(x)—r«on(a\)*-zox(zyr)
T IF(ALPH{I) < GELXKNDT(S)
TIF{ALPH(I) o GE.XKNDT(4))
]
)
)
)

)
Y
)
)
) X(12, 1) = ALPHETY=Xv20T{3)

)} X(13;I)-(ALPH(I)—\FHWT(Q))“Z‘Y(Z;I) .
)

)

}

}

CJF{ALPH(I)GGE. XKNOT(b
IF(ALPH(I)-GE XKNOT (5

X(14, TYALPH(TI=XKNOT(8)

X(15, 1) = (ALPH{T)=X¥NST(S))9e28Y(2, 1)
~IF (ALPHUI).GE. XKNOT(7)) X{16, 1) xALOH(I)I=XKNOTIT)
IF(ALPH(I).GE.XKNOT (6] X(17»I) e (ALPH(I)=XKNCT (5} 10070 (2,T)

TYF(ALPH(T).GE.XKNOT(81] X(18s1)=ALPHIT)=XehOTIE)

T TUTUIR(ALPHUT) GELXKNOTLT)Y X(19, 138 (ALPH{I)=XANCT(T) 120200210
TEUALPH(I )W GEL XKHOT (907 X (20, 1) mALPHIT}=YxhIT(9)
~IFUALPHIT) . GE-XKNOT (8)) X(21s I} e (ALPHII)-YANOTIR) 1 2e¥ (2, 1)
~IF(ALPHII) . GE.XKROT(10)) X(22, 1) =ALPH(I)-x¥KOT(10)

TIFCALPH(I)L.GELXKNOT(9)), K237 1) =TALPHI)=XKNOT(C))#s28X (25T}
“TFIALPH{I) s GE 4 XKNOT (1107 X(264s TV wALPHIT)=XKNOT(11)

IR (ALPHII) , GE, XKNOT(10)) X(25, TV = (ALPHIT1=XKNOT(10))8828x2, 11
TF(ALPH (1).GEs XKNOT112)) X(26, 1) =ALPH{T)=XKNOT(12)
TF (ALPH(I)4GEXKNOT(11)) X{27, 11w CALPHIT)~ ~XKNOT(11))a%2¢X(2,1)"
I FTALPH(IT GE.XKNOT(13))_X(28, 1) «ALPHII)=XKNOT(13)

i IF(ALPH(I).G:.XKNOT(LQLL_ng?:I)-(ALPH(I) XKNQT(lZ))'OZ‘X(Z,I)
TR (ALPHIIY L GELXKNOT (141} X130, 1Y ALPH{T)=X¥KNOT(14)
TF(ALPHIT)W4GELXKNDT(13)) x(31,1)-cALpuxt)-xxN01(131)«qz-x(g,x>_~m
T IFCALPHIIDGGELXKNOTIL5)) X(32,1) =ALPH{I)=YKNOT(15)
TF(ALPHIT) 4 GELXKNOT (141} X(33,1) = (ALPH{TI=XKNOT(14) ) e#28X(2, 1)
IFLALPH{I}WGELXKROT (16} X{34,1baALPH(I)I=XKROT(16)
TFCALPHIT)ZGELXKNDOT(15)) x(ss.1)-(ALPM(1)—¥KNDT(X5)>"2'X(2'Y
TFCALPHUI) JGELXKNOTIL7)) X{36, 1) wALPH{I)-XXkNOT(1T)
 IFU{ALPHIII.GE(XKNOT(17)) X{37,1)e(ALPH(II~- XKNOTlI7l)*°ZtX(2,IL
TECALPHIIIJGELXKNOTH7)) X{38y1)mX(2s1)
TIF(ALPHMIIILGELXKROT(13)) X(39,1)=X(3,1)
906 CONTINUE

AR YR aAn
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. ‘

Next, we give an example of a first option for the lateral equations. This
simple version, incorporating zeroth-order splines in a and first-order splines
in B should be used for the first approximations to the lateral coefficients.
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LATERAL EQUATIONS: FIRST OPTION

a

An example for Cp

C = Qn(a, B)p =r=0 T Cy(0) pb/2v+C (o) rb/2v

§ =6 =0 P T
a r
+ C (a) § + C (a) §
g, a ng . r
where
9
= + CB + -
c (e, B) = C_ 8 g Bi(s B,
i=7
. +
6
+ C a + z C (a - a )O
By =1 Tg iy
i
& 0
C ()=c¢c + ] ¢ (a-a)
np np i= np iy,
i
6
C (a) =C + Z C (o - a')O
Or O i=1 Pr s
i
§ 0
c. (o) =¢C + o (a - a;)
nda nﬁa i= ] n&a. * +
6
C (a) =c¢C + ) cC (a~ai)0
N5p Bsr i =1 nGri +
and
0 for ISI < Bi
(B - Bi)+ = g - Bi for B > 8l
+
B+8 for B <B
i i
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If the first option given for the lateral equations indicates a need for a
two-degree spline in (a, B), the following lateral option can be used.
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LATERAi EQUATIONS: SECOND OPTION

a

and ‘example for C,

A .
C(a, B)=C +C B+ | (A +a4 8)(a—ai)0

0 1 i 1 O1 li +
, ¢ 7 0
+ L B (B-B8) + ! D, (B-8) (a-a)
. 0. i+ C - ij 37+ i
J 6 7] + b I 6 + +
Note: - for the analysis it was assumed that Ay, =0, i=1, 2, 3, 4.

This assumption was confirmed by the later anaiysis using partitioned data.

5
C (a) =¢Cc + z C (a - a_}o
n, n,g= 0 i,
i
5
C (a)=¢Cc + ] ¢ (a—ai_)o
Op B2 i=1 nr, +
i
5
C (a)=¢C + J ¢ (a=-a)0
08a 06a 1 =1 Msa, +
i
5
C (o)=c¢c + 5§ .¢c (a-a)d
O§r Osr i=1 Sr iy
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C
m(Aa)+’

C
m(Aa)+,

Cm(Aa)+
Tq(aa)°
Cm (o]
q(ba)
"q(aa)®

C
Mq(8a)®

Cm [»]
q(Aa)

13°

17°

18°

+,9°

+,10°

+,13°

+17°

+,18°

TABLE 2

TRUE VALUE

.105

-.400

~15.0

-2000

7.600

0.00

-1.00

0.00

+10.0

+10.0

0.00

~10.0

125

ESTIMATED
VALUE

.101

-.384

—15.8

_2016

—0561

"0939

0.00

5.30

5.74

+6.65

-6.98

-5.96

ESTIMATED
STANDARD ERROR

(.023)
(0.4)
(.04)

(.039)

(.080)

ety o g

(.55)
(.62)
(.89)

(1.0)
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pline “plus” function.

Figure 1.~ 11llustration of regions of support for s
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a, deg

(a) Z-force derivatives,

Figure 2,- Aerodynamic math model for example ],
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Figure 4.- Continued.
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(f) Predicted and estimated pitching moment coefficients,
residual sequence, and autocorrelation function
for five variable model.
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(g) Predicted and estimated pitching moment coefficients,
residual sequence, and autocorrelation function
for six variable model.
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(h) Predicted and estimated pitching moment coefficients,

residual sequence, and autocorrelation function
for seven variable model. v
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residual sequence, and autocorrelation function
for eight variable model.
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(3) Predicted and estimated pitching moment coefficients,
' residual sequence, and autocorrelation function
for nine variable model. '
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(k) Predicted and estimated pitching moment coefficients,

resldual sequence, and autocorrelation function
for ten variable model.
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